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ABSTRACT 
 
In a commercial environment that is ever changing, organisations have to constantly adapt to 
remain competitive. To ensure the benefits of change are achieved a coherent and structured 
approach to implementing change is essential, as disconnected initiatives often fail. This 
thesis presents a series of eight continuous improvement projects undertaken by a leading 
engineering design consultancy. The projects use a range of process management and 
knowledge management techniques to improve specific aspects of the sponsor’s business, in 
particular how it manages its organisational knowledge, business processes and management 
systems. 
 
To better understand the strengths and weakness of process and knowledge management 
techniques, in order to see how they can be combined, the techniques are first applied 
separately on six projects. Based on the lessons learnt from these projects, key aspects of the 
process and knowledge management techniques used are then combined to create two robust 
business solutions that have the potential to significantly benefit the sponsor’s business. 
 
In developing and implementing the solutions, to the eight specific business issues covered in 
this thesis, a number of key issues relating to the architecture of successful systems and the 
organisational change management process involved with implementing these systems are 
captured. These key points are summarised into recommendations focused at both academic 
and commercial organisations. 
 
KEY WORDS 
 
Management Systems, Knowledge Management, Process Management, Continuous 
Improvement, Change Management, Information Technology. 
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PREFACE 
 
The Engineering Doctorate (EngD) research programme run by the Centre for Innovative and 
Collaborative Engineering (CICE), based at Loughborough University, is a challenging new 
research programme. The research programme aims to address a single or a series of problems 
faced by the industrial sponsor. 
 
This research was undertaken with whitbybird a leading engineering design consultancy and 
uses a series of projects to implement change within the industrial sponsor organisation. 
 
The research presented in this thesis has been encapsulated into five sections: 
 
Section 1: gives an overview of the context within which this research was conducted and 
presents the two key topics of process and knowledge management which this research 
revolves around, 
Section 2: sets out the overarching research aim and objectives, 
Section 3: presents the methodological approach used in archiving the overarching aim and 
objectives, 
Section 4: presents the eight projects undertaken; and, 
Section 5: presents the key findings and recommendations based on the research undertaken. 
 
In addition to sections one to five, appendices containing three journal papers and one 
conference paper are included as part of the thesis. Also included in the appendices are a 
number of additional elements of the research undertaken. 
 
Although the papers do not necessarily need to be read to understand the research presented in 
this thesis they do offer a more in depth perspective on the specific issues presented and 
should be read in conjunction. 
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1 BACKGROUND TO THE RESEARCH 
This section gives a broad overview of the construction industry, the challenges it faces, and 
the industrial sponsor which together set out the context within which this research has been 
conducted. Following on from this the two key topics of process and knowledge management, 
on which this research is based, are reviewed. 
1.1 THE GENERAL SUBJECT DOMAIN 
Valued at £93,284m in 2003 by the Department of Trade and Industry (DTI, 2005), the UK 
construction industry accounts for 8% of the UK’s GDP, and is responsible for the 
employment of 1.7m professionals and consultants. Generating wealth and employment on 
such a scale has attracted the attention of successive governments, who have invested 
substantial amounts of money to review and help improve its performance. Recent reports, 
widely quoted in the industry, include: “Constructing the Team” (Latham, 1994), “Rethinking 
Construction” (Egan, 1998) and “Accelerating Change” (Egan, 2002). 
Latham’s (1994) findings and recommendations were focused at a project level and stressed 
the central role of the client, bringing the team together by way of interlocking contractual 
agreements. Egan’s (1998) findings and recommendations, in contrast, took a much broader 
view of the industry as a whole and set out the potential benefits of: capital costs and 
construction times being reduced by 10% a year; performance on predictability in relation to 
budget, time, defects and accidents being improved by 20% a year, and productivity, turnover 
and profits also being increased by 10% a year. These improvements were to be achieved 
through the introduction of a number of changes including: a leadership committed to the 
introduction of changes; a focus on the customer; a commitment to adopting integrated 
processes and teams; a quality driven agenda; and, a commitment to the people in the 
construction industry. Four years later Egan produced the “Accelerating Change” report, 
where the focus was more on different implementation strategies for driving change through 
the industry (Egan, 2002). Particular attention was given to integrated teams and a focus on 
people, which were two of the original five drivers for change set out in “Rethinking 
Construction” (Egan, 1998). 
Two obstacles to implementing change within the industry identified by both Latham (1994) 
and Egan (1998; 2002) were, the highly fragmented nature of the construction industry, and 
the lack of prominent and experienced repeat clients. With regard to the first obstacle, with 
less than 1% of private contractors employing more than 300 people (see Figure 1.1) and with 
firms employing less than 300 people accounting for around 66% of the total value of work 
done (DTI, 2005), each company can certainly influence what it does internally, but may have 
only a limited effect on its direct clients and suppliers. With regard to the second obstacle, 
lack of prominent and experienced repeat clients capable of influencing the way the industry 
works, both Latham (1994) and Egan (1998) set out the central role of the client in 
determining the success of the projects. They, however, also recognised the difficulty that 
such a role poses for many clients who will only ever commission one project, and therefore 
lack the necessary experience in commissioning and managing construction projects (CABE, 
2003). 
Other factors that have the potential to significantly impact on the industry’s profitability, and 
current operational model, include: its ageing engineering population, the sharp decline in the 
number entering the industry, and the growth of the global economy (MacKenzie et al., 2000; 
Dainty et al., 2004; Dainty et al., 2005). 
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Number of Construction Companies by Size 
(2004, Quater 3 Base: 176373)
93.3%
6.6% 0.1%
Small (1 -13) Medium (14-299) Large (300+)
Output by Size of Company 
(2004, Quarter 3 Base: £21656.8m)
19.8%
46.1%
34.1%
Small (1 -13) Medium (14-299) Large (300+)
 
Figure 1.1 Number of private contractors by size & value of work by size of company (DTI, 2005) 
 
The problem of access to skilled professionals and workers must be considered in the light of 
external influences on the industry, in particular the looming challenge of global competition. 
Global competition will force the industry to become more efficient (Craig and Douglas 
1996). This efficiency will be driven by information and telecommunications technology 
which will allow fewer engineers to do more work using new computer software, or work to 
be outsourced offshore to countries with lower labour cost but comparable skill levels. 
Although change takes time, the shape of tomorrow’s construction industry will, more than 
likely, be decided by those who start changing first. Efficiently managing the time it takes 
people to create, design, and deliver successfully completed projects will be the key to 
successful change. Those who do not initiate immediate changes, and simply stand by and 
watch, will not have enough time to respond. This makes time one of the most valuable 
commodities in the control of individuals, teams and companies. 
1.2 THE INDUSTRIAL SPONSOR 
Whitbybird, the industrial sponsor, was established in 1984 as a small structural design 
consultancy in the UK. In the last 22 years’, it has grown (see Figure 1.2) to become a leading 
engineering design consultancy whose expertise in addition to structural engineering now 
covers a wide range of other design disciplines outlined in Table 1.1. As its expertise has 
grown so has its staff numbers and offices. It now employs over 400 staff in offices at its 
headquarters in London and eight regional offices in: Bristol, Cambridge, Edinburgh, 
Glasgow, Manchester and Winchester and internationally in Dubai and Mumbai. 
As a young, dynamic and growing company with a vision for its future, as a leading global 
design consultancy, it has embraced and recognised the role that managing information, 
knowledge and technology can play in achieving its vision. Whitbybird’s commitment to 
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change and its investment in technology has resulted in strong Process Improvement (PI) and 
Information Technology Development (ITD) teams. These teams pioneered the exchange of 
3D models with steel suppliers, redefining how certain types of steel framed buildings are 
designed (NCE, 1998a; NCE, 1998b) and also contributed to the development of a 
commercially available Job Management System (JMS) that has recently been brought out by 
a leading construction industry technology supplier, Causeway Technology. 
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Figure 1.2 whitbybird’s predicted and actual monthly workload from May 1996 to September 2006 
 
 
Table 1.1 whitbybird’s current engineering service offering/disciplines 
 
As the company has grown it has evolved, to consolidate its position in the market and 
stabilise its workload by changing its organisational structure and procedures to better manage 
its operations. Other motivations for change have been the need to incorporate new industry 
standards. The most recent and fundamental change to its procedure is the introduction of 
ISO14001, environmental requirements.  
The organisation is currently structured around the different disciplines listed in Table 1.1. 
Within each discipline are a number of teams. Each team is managed by an Operational Board 
Director and each project the team looks after is managed by a team leader (an 
A structured approach to improving organisational knowledge, business processes and 
management systems 
4 
Associate/Associate Director or a Director if the team does not have an Associate or 
Associate Director). To support the engineering teams there are a number of support teams 
(Accounts, IT Support (ITS)/IT Development (ITD), Process Improvement (PI), Marketing 
and Human Resources (HR)) (see Figure 1.3). 
 
 
Figure 1.3 whitbybird’s organisational team structure 
 
In addition to the team structure, whitbybird also has a very specific management structure. 
Each of the Directors/Associate Directors meet on a regular basis to discuss various 
organisational issues which it has grouped into seven areas (see Figure 1.4): 
• Business Development: covering client, marketing and sector issues; 
• Finance: covering financial forecasting and billing; 
• Management: covering workload and resource issues; 
• KPI & Legal Review: covering business key performance indicators and legal issues; 
• Structure/Services Technical: covering technical project issues; 
• Process: covering quality issues and process improvement projects; and, 
• HR: covering its people issues. 
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Figure 1.4 whitbybird’s organisational management structure 
 
To address specific issues within each of these seven areas a number of task groups have been 
established. These task groups are made up from different members of different teams with 
specific interest in particular issues (see Figure 1.5). 
The ways in which the team, management and task groups interact is illustrated in Figure 1.6. 
One of the most recent changes to its structure is the introduction of inward and outward 
facing strategy meetings (see Figure 1.6). These were created to overcome the problem of 
having a meaningful Operational Board discussion with 20 Directors in a room. 
The way in which the organisation has grown, however, has remained the same as when the 
company first started. Each team grows in size, until they start to exceed 20 to 30 members, 
then the team is split. This partitioning of teams is referred to within whitbybird as 
‘embryonic growth’. 
Both structural and procedural changes have allowed whitbybird to maintain its engineering 
reputation for robust, innovative, elegant and cost effective solutions that address the complex 
range of design problems faced by its clients. Anticipating further growth and a changing 
market, whitbybird is constantly looking for more efficient ways of working. It gives 
particular emphasis to “appraising and incorporating the latest design and construction 
technology” (whitbybird.com, 2004) into its working practices. It also firmly believes that 
strong information and management systems are essential to support its clients’ objectives and 
running its business effectively (whitbybird.com, 2004). 
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Figure 1.5 whitbybird’s organisational task group and reporting structure 
 
Figure 1.6 whitbybird’s organisational management and communication strategy 
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Recognising the need for change, and to further enhance the efficiency of both its design and 
business processes whitbybird sponsored this research. By applying current academic theory 
within a commercial setting, they were confident that new academic insight and commercial 
gains could be achieved. 
1.3 THE CONTEXT OF THE RESEARCH 
The construction industry functions in a highly competitive and challenging environment. To 
operate within it companies have adopted a diverse range of strategies to compete (Price, 
2003). For example, some see size as an advantage, others as a weakness. Regardless of the 
chosen strategy, each will have its strengths and weaknesses. However, these strategies have 
to be constantly reassessed as the conditions, or the environment for which they were 
developed, change. Global competition enabled by information and telecommunications 
technology has, for instance, transformed the way certain industries operate and will likely 
result in some form of change within the construction industry. Some design consultants, for 
instance, are already subcontracting reinforced concrete detailing work out to India. How 
companies react to such external events and changes is fundamental to their continuing 
survival (The Economist, 1995; Department of Education and Employment, 2000; Barber, 
2004). 
An integral aspect of an organisation’s strategy is the emphasis it places on price, quality and 
time. By shifting the emphasis between the three, companies try to gain the edge on their 
competitors. However, at the heart of all three (price, quality and time) there is the notion of 
improvement and efficiency (Atkinson, 1999). By being more efficient companies can stay 
competitive and survive. So, while adjusting these three elements can help a company to win 
a contract, in the long-term a company is more likely to survive if it is able to make itself 
more efficient and continuously improve on what it does (Armstrong, 1991; Deming, 1994). 
This continuous improvement needs to be based on a complete understanding of what the 
company does. By better understanding what it does, a company can improve its prices by 
cutting out unnecessary costly activities, improve the quality of its end product by refining its 
processes, and improve its delivery time by stream lining their work (Womack and Jones, 
2003). This thesis describes a series of continuous improvement initiatives carried out with 
the industrial sponsor and uses process management and knowledge management tools and 
techniques as a means to improve its performance and explores the benefits of combining 
different aspects of both techniques. 
1.3.1 PROCESS MANAGEMENT AND KNOWLEDGE MANAGEMENT 
The growing size and complexity of construction projects now necessitate the input of greater 
numbers of people with specialist skills and knowledge, and yet further people with other 
skills to coordinate the interaction between these specialists (Kagioglou et al., 2000). 
However, a multitude of opportunities exist for improved efficiency amongst all this 
complexity. 
1.3.1.1 Process, Process Mapping and Process Management 
A process can be defined as "set of interrelated or interacting activities, which transforms 
inputs into outputs" (BSI, 2005). A process map is a graphical representation of how the 
different activities are interrelated, with outputs from one activity being used as inputs to 
another activity. Techniques that can be used to map a process range from the simple to the 
complicated (see Table 1.2). Process management encompasses at one extreme Business 
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Process Reengineering (BPR) and Continuous Improvement (CI) at the other. BPR is defined 
by Hammer and Champy (1993) as “the fundamental rethinking and radical redesign of 
business processes to achieve dramatic improvement in critical, contemporary measures of 
performance, such as cost, quality, service and speed” and CI as “the means of improvement 
to people and process performance needs to be continually sought, and monitored” as defined 
by the British Standards Institute (BSI, 1992). 
 
 
Table 1.2 Process mapping techniques (Damelio, 1996; Hunt, 1996; Baldwin et al., 1999) 
 
To identify opportunities for improvement, process mapping can be an extremely useful 
starting point. Process maps, like Ordnance Survey (OS) maps, allow alternative activity 
sequences (strategies) to be explored and evaluated before any real work has begun. 
Alternatives explored at this stage could involve very different approaches. In the case of 
planning a route across an island, using an OS map, options explored might range from: land, 
sea to air (cost/quality/time). Each of these options requires very specific techniques 
(skills/disciplines/equipment) that once made would be difficult to change. Once an overall 
route has been agreed on a team can be put together with the necessary skills and more 
detailed maps used to plan and execute the distinct legs of the journey across the island. 
The ability to zoom in and out of OS maps, based on the map’s scale, is mirrored in the 
different level of detail that construction industry process maps focus on (Tzortzopoulos et al., 
2005). These maps look at the industry’s high level interaction; the internal systems operating 
within companies and the detailed interaction/interfaces between internal and external 
systems (see Table 1.3). With such information to hand it is easier not only to enforce and 
make informed strategic decisions but also to demonstrate how things can be improved by 
changing different aspects of the process. 
It should, however, be noted that although activities and processes need to be defined in order 
that they can effectively be undertaken/repeated, they must remain flexible. The reason for 
this can be best illustrated by extending the OS map example. Whilst the map itself is fixed 
the environment that it represents is not; changes to the environment, that might not be 
documented on the OS map, can create both opportunities and threats. For instance a new 
tunnel through the mountain would be an opportunity, but part of the planned route being 
blocked by a landslide a threat. Opportunities and threats such as these would only be 
identified once on the ground, particularly if the map being used was out of date. It is 
therefore important not to consider the planned routes (/strategies) or the OS (/process) maps 
as fixed, but respectively as an overall direction to be taken and an approximation of the 
business environment. 
 Background to the Research  
 
 9 
High Level Process Maps: Look at a project from conception to completion even demolition and break the project into 
stages. Within each stage the process map will outline the key activities to be completed. 
• Royal Institute of British Architects (RIBA) Plan of Works (Phillips, 2000)  
• The British Property Federation (BPF) Manual (1983) 
• The Process Protocol 2 (PP2) (Kagioglou et al., 1998)  
Interface Process Maps: Look in detail at how specific data, usually technical data, relating to a project can be effectively 
shared between different parties (disciplines). 
• International Alliance for Interoperability (IAI) (Faraj et al., 1999) 
• Computer-Integrated Manufacture of Cladding Systems Project (CIMclad) (Agbasi et al., 2001a, Agbasi et al., 
2001b) 
Internal Process Maps: look at how specific aspects/activities on a project are undertaken and managed and how multiple 
projects are managed as an activity. 
• British Airports Authority (BAA) (BAA, 1995) 
• AMEC Project Process (Vickery and Waskett, 1999) 
Table 1.3 Process maps and process mapping projects in the construction industry 
 
The same is true for the construction industry. A house design, for example, might be the 
same for a number of houses on an estate, but each house is built on a different plot, with 
different ground conditions, under different weather conditions, with different workers, and 
perhaps with slightly different internal layouts. These slight yet significant differences can 
lead to very different outcomes in the finished product and cost. The design and construction 
process therefore needs to be flexible to accommodate unforeseen circumstances. So whilst 
the overall strategy will remain the same the details will change based on the individual needs 
of the project and its unique set of circumstances. 
To deliver a construction project, different segments of the process are pieced together based 
on the individual needs of the project. This is exemplified by the ADePT technique (Austin et 
al., 1999; Austin et al., 2000). As each segment of the process is completed, lessons learnt 
(e.g. why was the project over/under budget or why did it take longer/shorter than planned) 
can be added as further detail to the process maps. This information can then positively 
influence future projects by stopping others from making the same mistakes twice and 
improving their ability to take more informed decisions. The ability to capture lessons learnt 
and incorporate them into new projects is central to knowledge management. 
1.3.1.2 Knowledge Management 
Knowledge as defined by Nonaka and Takeuchi, 1995 can be either: tacit, based around what 
people know and embedded in how they work; or, explicit, knowledge that can be formally 
expressed. Knowledge management as defined by Scarborough and Swan (1999) is “any 
process of creating, acquiring, capturing, sharing and using knowledge, wherever it resides, to 
enhance learning and performance in organisations”. 
The benefits of implementing knowledge management can be summarised as: disseminating 
best practice, retaining knowledge and driving continuous improvement forward (Carrillo, 
2004). By providing best practices and in particular standard process to follow, users can 
quickly perform a task within defined scopes of time and quality. This reduces the risk of 
errors in the process being made, for example forgetting to perform a certain step in a 
calculation. These types of errors can be further reduced by highlighting where others have 
made errors and supplying the user with typical worked examples for the particular process 
they are undertaking, against which they can then compare their results. As the engineer 
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becomes more experienced they can then challenge the received wisdom (Nonaka and 
Takeuchi, 1995). This ability to modify certain assumptions based on new knowledge adds 
further weight to the argument that processes need to be flexible.  
Another key aspect of having a flexible process is that if every project operated a different 
process, the widely held opinion that knowledge is context driven (Nonaka and Takeuchi, 
1995), would mean knowledge acquired on previous projects would be made quickly 
redundant because the context would be different every time. However, by having flexible 
processes the specific needs of the project at hand and the lessons learnt at different stages of 
the process on previous projects can be continuously reapplied (Hwang, 2003; Walker and 
Christenson, 2005). 
In an industry were mistakes can be very costly, due to tight profit margins, contractual fines 
and the possibility of litigation, as well as an economic environment that is increasingly 
knowledge driven, the importance of managing information and knowledge to generate a 
commercial advantage is becoming increasingly clear (Robinson et al., 2005; Carrillo and 
Chinowsky, 2006). Current knowledge management solutions can be broadly categorised into 
soft (people related) and hard (technology related) solutions or ‘non-IT tools/Techniques’ and 
‘IT tools/Technologies’ (Al-Ghassani, 2002; Egbu et al., 2003) (see Table 1.4). 
 
 
Table 1.4 Knowledge management techniques and technologies (Egbu et al., 2003) 
 
Over the years the importance and emphasis given to these two types of solutions have 
alternated (Oltra, 2005). Unfortunately the various proponents of the two solutions and the 
alternating emphasis given to them has led to a polarization of views. This has resulted in a 
situation where the middle ground or the bridge between the two types of solution has been 
neglected. However, it is precisely this middle ground which is fundamental to the initial 
concepts of knowledge management set out by Nonaka and Takeuchi (1995) of a knowledge 
cycle of socialization, externalization, combination and internalization (see Figure 1.7). By 
focusing on either hard or soft knowledge management solutions, how they integrate with 
each other is neglected and the system fails to generate lasting solutions. This is because they 
tend to serve limited business objectives, do not easily integrate with current working 
practice, and generally require additional time and effort to complete (Riege, 2005; Chua and 
Lam, 2005). 
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Figure 1.7 Nonaka and Takeuchi (1995) knowledge cycle project classification 
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2 OVERARCHING AIM AND OBJECTIVES 
This section sets out the overarching aim and objectives of this research, the background to 
how these were developed and the justification of these. Also, included in this section is a 
guide to the context within which this research has been conducted, how the different research 
activities are related to the context and to each other and finally the order they appear in this 
thesis. 
2.1 BACKGROUND TO OVERARCHING AIM AND OBJECTIVES 
The research’s overarching aim and its objectives were developed to achieve a balance 
between the academic purpose of the study, while meeting the industrial sponsor's business 
needs. Whilst undertaking the research the direction and areas on which the research has 
focused have evolved to meet the various expectations, priorities and views of both parties. 
To accommodate this evolution, flexibility towards the aim, objectives and methodology has 
been essential, nevertheless the broad theme of the research has remained consistent. 
The original aim of the research was based on “assessing the impact of emerging technologies 
on the effectiveness of business processes”. To meet this aim, a financial cost-benefit 
assessment matrix was developed tentatively by gathering information relating to the 
implementation of a new Electronic Document Management System (EDMS) within the 
industrial sponsor’s organisation (see Section 4.2.1). The matrix was to have been refined on 
other new technologies that the industrial sponsor wished to acquire, however, upon 
reviewing the initial findings, the industrial sponsor noted that while the technology focus of 
the research had academic value, it would not yield results of direct interest or, more 
importantly, immediate use to the organisation. To address this concern, it became necessary 
to change the focus of the research as well as the research approach. The sponsor was seeking 
research to improve business efficiency and contribute to the organisation’s continuous 
improvement, which could be delivered in a timely way, and within the limits of its resources. 
The research approach was therefore revised to produce a series of regular deliverables which 
would improve business efficiency. The need to improve business efficiency meant the 
research approach shifted from a passive, observational model quantifying the benefits of how 
the industrial sponsor was using technology to a more active, involvement with various 
improvement initiatives being undertaken. As a result it became necessary to work extremely 
closely with the industrial sponsor to identify areas of its business amenable to change and to 
participate in the whole change process, demonstrating and documenting the benefits 
throughout the process. Throughout the research the precise objectives for the research 
evolved to meet the various expectations, priorities and views of both parties, but the 
overarching theme remained stable. 
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2.2 OVERARCHING AIM 
Following consultation with the industrial sponsor, the following overarching aim was 
developed: 
 
“Within the context of the industrial sponsor develop a structured approach to 
continuous improvement, focussing on organisational knowledge, business processes and 
management systems” 
 
This aim presented two key challenges: the identification of business areas that, during the 
time available, would be appropriate options within which organisational change could be 
effected; and, fundamental to the success of the research, gaining the necessary commitment 
from the organisation to implement the proposed changes. 
Maintaining the industrial sponsor’s commitment and active participation in the research was 
a predominant factor that shaped the overall direction of the research. Accommodating the 
industrial sponsor’s demands and the academic research requirements has strongly influenced 
the methodological approach adopted, as set out in Section 3. 
2.3 OBJECTIVES 
To respond to the sponsor’s business challenges a flexible set of objectives were required. The 
objectives, set out below, were therefore developed specifically to accommodate the broad 
range of issues that could potentially arise, and considered under the research aim and 
relevant to the industrial sponsor’s organisational characteristics. 
The research set out to: 
• identify, in collaboration with the industrial sponsor’s senior management, inefficient or 
problematic design/business processes that had the potential to be significantly improved; 
• review current literature in the identified area; 
• document and analyse the identified inefficient processes to isolate their weaknesses; 
• develop and specify new systems with the end-users to overcome these weaknesses; 
• evaluate, with the industrial sponsor, the potential impact of the proposed solution in order 
to justify the development and implementation of the new systems; 
• develop the proposed new systems with the industrial sponsor; 
• implement the developed solutions within the sponsoring company; and, 
• monitor the impact of these solutions. 
 
2.4 JUSTIFICATION OF THE OBJECTIVES 
Egan (1998) identified that in order to realize savings and increase profitability; and, as a 
consequence enhance the sustainability of the industry, a combination of the following would 
be needed: committed leadership, a focus on the customer, integrated processes and teams, a 
quality driven agenda and commitment to the people in the industry. Since then numerous 
initiatives have been set up to address these key areas. These various initiatives have either 
been led by the government, academia or the industry. One of the important features of this 
research is that it has balanced the industry perspective and the academic perspective. 
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Balance was achieved by looking at current academic knowledge from within the commercial 
environment of the industrial sponsor, and not from an academic standpoint looking into see 
what the industrial sponsor was doing. Such a perspective enabled this research to see what is 
sometimes overlooked when simply looking in from the outside. Also, change delivered 
within the industrial sponsor’s organisation creates a bridge between academic and industrial 
needs with information flowing in both directions. 
By drawing on current academic theories, tools and methods and applying them in a 
commercial environment, specifically the industrial sponsor’s multidiscipline engineering 
design consultancy, to deliver change much can be learned. This research will contribute to a 
greater understanding of the application of academic theories in a commercial environment, 
how to go about implementing change and in particular what drives commercial businesses to 
change. 
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3 ADOPTED METHODOLOGY 
“Research can be considered to be a ‘voyage of discovery’, whether anything is discovered or 
not. What is discovered depends on the pattern and techniques of searching, the location and 
subject material investigated and the analyses carried out” Fellows and Liu (1997). 
This section discusses the various methodological considerations taken into account in the 
development and refinement of an appropriate methodological approach. The key issues taken 
into account were making change happen within the commercial environment of the industrial 
sponsor and planning the research. Having defined the methodological approach the different 
methodological tools and techniques used during the course of the research are set out. 
3.1 METHODOLOGICAL CONSIDERATIONS 
To meet both the academic and industrial sponsor’s expectations relating to the research it 
was necessary to adopt a highly flexible yet focused, methodological approach. 
The primary academic criterion was that “the project must include a thorough analysis of 
opinions, based on best practice elsewhere, and must demonstrate key competencies such as 
project planning and control. These competencies will be ensured by projects being designed 
jointly by the academics, sponsoring company (with, when recruited, the candidate), with 
agreed objectives, deliverables and timescales and regular monitoring against these targets.” 
(Centre for Innovative and Collaborative Engineering, 2003). The primary industrial criterion 
and the reason why the industrial sponsor initiated the research, was that “the work has to 
make a significant contribution to the performance of the company and thus has to be in the 
mainstream, not a ‘student’ project on the sidelines.” (Centre for Innovative and Collaborative 
Engineering, 2003). The combination of the academic and industrial sponsor's expectation of 
the research, and the nature of the research, set out in the research’s overarching aim and its 
objectives (see Section 2), meant the research could be clearly categorised as applied research 
as opposed to theoretical research. 
Another factor which influenced the methodological approach adopted was the fact that the 
research was conducted within the business environment of the sponsoring company. This has 
meant a certain amount of commercial pressure has been exerted on the research, to turn 
projects around quickly to demonstrate progress and to deliver change. At the end of the first 
year the research approach changed from a passive role, evaluating the benefits of change, to 
a more active role involved in the whole change process: identifying, evaluating, developing 
and implementing solutions within the business, in direct response to the commercial 
environment. The commercial needs of the organisation and the different views of the 
Directors involved in the research has directly influenced the direction of the research. To 
anticipate future development/change and to accommodate such views, a flexible 
methodological approach was therefore essential and is described below. 
3.2 METHODOLOGY DEVELOPMENT/REFINEMENT 
Bell (1993) identified five methodological research approaches: ethnographic, case studies, 
surveys, action research and experimentation. Each of these methodological research 
approaches were reviewed against the research aim to develop a structured approach to 
continuous improvement and the industrial sponsor’s requirement that the research should 
make a significant contribution to the business. Based on this review ethnographic, case study 
and experimental research approaches were discounted. Ethnographic and case study 
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approaches were discounted as they were more focused on documenting events rather than 
implementing change and an experimental approach was discounted due to the difficulty of 
controlling the experimental variables in a commercial environment. With regard to the two 
remaining research approaches, action research was more relevant to the research aim and the 
methodological considerations of implementing change and conducting the research within a 
commercial environment. It was therefore selected as the primary methodological research 
approach. In addition, where appropriate surveys were used. 
Action research, where the researcher is actively involved “in the process under study, in 
order to identify, promote and evaluate problems and potential solutions” (Fellows and Liu, 
1997) has both advantages and disadvantages. The advantage of an action research approach 
with regards to this research was that: 
• it would allow the industrial sponsor’s requirements and expectations of the research to be 
better appreciated and addressed; 
• it would avoid inundating the industrial sponsor with facts and figures telling them what 
they already knew, explicitly or implicitly; 
• it would enable the research to get the most out of the industrial sponsor’s expertise and 
knowledge; 
• it would ensure the industrial sponsor felt fully involved in the research; and, 
• it would ensure the constant alignment between both the academic and industrial research 
expectations. 
To regulate the interaction between the academic and industrial participants Stringer (1996) 
set out four guiding principles. The first two concern the relationship and communication 
between the two parties. The second two relate to the level of participation and inclusion of 
the two parties. In addition to the academic and industrial interaction issues relating to the 
action research approach a more structured framework for undertaking the research needed to 
be developed. Combining work by Lewin (1946) and Stringer (1996) on the iterative cycle of 
“action research” and work by Hunt (1996) on “process improvement” cycles, a hybrid cycle 
was produced that was then aligned with the different research objectives, see Figure 3.1. 
 
 
Figure 3.1 Combined action research cycle aligned with research objectives (Lewin, 1946; Stringer, 1996; 
Hunt, 1996) 
 
Aligning the research objectives with the methodological approach effectively created a 
research programme template that could be applied to a number of projects (see Section 
3.2.2). Having a collection of projects that varied in size, scope, focus and duration that tied 
into the research’s overarching aim and its objectives, rather than having a single project that 
spanned the four years, was seen as imperative to implementing change. The hybrid, iterative 
programme developed allowed individual projects, some being small 3-month projects others 
being 2-year projects, to be undertaken, with each cycle supporting successive projects. The 
main drawback of an action research approach is not knowing how committed/engaged to the 
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projects the participants are. After an initial bout of enthusiasm for a project, support could go 
either way, with the participants putting more and more, or less and less, into the project. 
Project selection was therefore essential to the success of the research. 
3.2.1 MAKING CHANGE HAPPEN 
“And one should bear in mind that there is nothing more difficult to execute, nor more 
dubious of success, nor more dangerous to administer than to introduce a new system of 
things: for he who introduces it has all those who profit from the old system as his enemies, 
and he had only lukewarm allies in all those who might profit from the new system.” 
Machiavelli (1513). 
 
For this research, selecting projects with the potential for improvement was of critical 
importance. Root-Bernstein (1989) and Avison et al. (2001) highlighted two extremes in 
project selection: researcher-initiated and practitioner-initiated research, both with particular 
strengths and weaknesses. The key issue to address with both is the “discovery of a mutual 
interest in solving the problem at hand” (Avison et al., 2001). Working closely with the 
industrial sponsor the majority of the projects were practitioner-initiated projects, the key 
strength with this approach is that it avoids what Avison et al., 2001 refers to as “iceberg 
subjects” where the practitioners are unaware of the problems, and the “no client” where no 
suitable practitioners can be found that match the researcher’s aims. A third issue raised by 
Avison et al., 2001 was that of “irrelevant subjects”, this was by far the most critical issue to 
address in this research. With irrelevant subjects “the researchers may have to develop their 
research program somewhat opportunistically, undertaking a series of research projects that 
have a broad theoretical span” (Avison et al., 2001). The research’s overarching aim and its 
objectives were sufficiently flexible to allow for a series of projects with a broad theoretical 
span to take place while maintaining focus. 
Avison et al. (2001) raised two further issues relating to the success and failure of action 
research projects: determination of authority for action in the research project; and degree of 
formalisation of the research project. With regard to the first issue, the final authority to 
proceed remained with the industrial sponsor’s Operational Board of Directors. For the Board 
to approve a project a project proposal would be developed with the project owner(s), who 
was(were) generally the Director(s) who had identified the area of the business that they felt 
could be improved. Based on the strength of these project proposals the Board would make 
their decision as to whether or not to proceed with the project. This approval process meant 
that a number of projects were stopped at this stage. With regard to the second issue, degree 
of formalisation, the loose formalisation of the projects carried a certain risk. However, the 
flexible nature of the research’s methodological approach allowed two of the eight projects to 
be put on hold (and then restarted) with little effect on the research programme; even allowing 
valuable lessons to be drawn that were then applied to subsequent projects. 
3.2.2 RESEARCH PLAN 
To successfully achieve the research aim the plan was to undertake a series of small, focused 
projects. This was considered by the industrial sponsor more likely to yield efficiency gains 
compared with a single project that spanned the four years. This approach also allowed the 
industrial sponsor to specify the different areas of its business the research should focus on, 
based on changing business priorities. By the end of the research eight projects had been 
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identified and undertaken with the industrial sponsor. The order in which these projects were 
carried out is illustrated in Figure 3.2. 
 
 
Figure 3.2 Project sequence 
 
Letting the industrial sponsor specify the individual projects ensured its commitment to the 
eight projects presented in this thesis and the overall Engineering Doctorate research. 
However, this also imposed certain limitations on the development of a research plan. The 
constantly changing business priorities of the industrial sponsor made it difficult to predict 
and commit to projects in advance. To be able to respond to the changes effectively a modular 
research approach was adopted. 
The modular approach allowed discrete elements of the research to be undertaken as 
independent projects. The advantage of this approach was that each research module (project) 
followed the same plan, as set out in the Section 3.2 (see Figure 3.1). Some projects being one 
offs and others directly leading into other projects, but each project undertaken contributing to 
the research as a whole and the iterative action research learning cycle. The modular research 
approach allowed the industrial sponsor to select and undertake a series of projects, creating a 
spectrum of projects, where the emphasis of process management and knowledge 
management varied. Therefore to achieve a thorough understanding of process management 
and knowledge management the two were initially considered separately (see Figure 3.2). 
Subsequently a framework for combining process management and knowledge management 
was developed and applied on the last two projects (see Figure 3.3). 
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Figure 3.3 Research projects and output in relation to research methodology, objectives and aim 
 
3.3 METHODS/TOOLS USED 
The methods and tools used were predominantly qualitative, based on the nature of the 
research and the poor response, of the industrial sponsor, to quantitative survey information. 
Within each of the individual research projects a range of research methods and tools were 
adopted. Depending on the scope, size, and duration of the projects the emphasis between the 
different methods and tools used was altered. Literature reviews, workshops, interviews and 
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triangulation were used on all of the projects to gather, develop, refine and analyse the 
solutions to the specific projects presented in this thesis. Surveys (questionnaires) were used 
where the entire company would have been affected by the project. 
3.3.1 LITERATURE REVIEWS 
Four types of literature review were undertaken based on Bryman’s (2004) approach. The 
first was an internal review of the industrial sponsor’s strategic long-term business goals, its 
annual business plan, and other strategic reports, to develop an understanding of its current 
business priorities and concerns. These were primarily used to identify areas the research 
should focus on, as these would have clear company-wide backing. Having identified the 
different areas, second type of literature review focused on the industrial sponsor’s internal 
procedures. This type of review was undertaken to better understand how it currently worked. 
Using the first two types of literature reviews a third review of current theory and practice, in 
academic papers and books, was used to develop a range of approaches to improve on their 
current practices. In addition to the three types of reviews mentioned, a fourth type of review 
was concurrently undertaken to identify the techniques for planning, undertaking and 
analysing the research. 
3.3.2 WORKSHOPS AND FOCUS GROUPS 
Workshops and focus groups (Morgan, 1997; Bryman, 2004) organised and managed by this 
research were among the most important interfaces between the research and the industrial 
sponsor. This was due to the richness and quality of the input during and output from the 
meetings. Brainstorming (Buzan and Buzan, 2003) ideas with the groups led to a number of 
key issues being identified and addressed. The fact that the industrial sponsor traditionally 
used these types of meetings to investigate and resolve pertinent issues has been a significant 
help. 
With the workshops and focus groups introducing academic best practice solutions, identified 
in the literature reviewed, too early could have limited the range of potential solutions 
considered by the group. This is a risk that Whyte, Greenwood and Laze (1991) identified 
with action research where the “researchers serve as professional experts, designing the 
project, gathering the data, interpreting the findings, and recommending action to the client 
organization.” (Whyte et al., 1991). One of the opportunities with this research was to 
develop and document a commercial organisation’s solution to particular problems. To guard 
against this, two measures were taken. The first was ensuring the continuous active 
participation of the industrial sponsor, in investigating and developing solutions to the various 
problems identified. The second was to refine the research output iteratively, which meant the 
output from one meeting would be validated and further refined, where necessary, in 
subsequent meetings and interviews. 
3.3.3 INTERVIEWS 
Where more detailed input was needed to address specific issues, semi-structured and 
structured interviews, with the key individuals involved in the different projects were 
extremely useful (Kvale, 1995). By combining these two techniques, specific issues to be 
addressed by the interviewee were covered, at the same time as allowing the interviewee to 
raise more personal thoughts on the issues being addressed. 
Interviews complimented the focus groups as they allowed the interviewee to raise specific 
issues that would not have been appropriate or relevant to raise in a focus group. Combining 
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the output from both the focus groups and the interviews were seen as key to tailoring the 
output to achieve maximum impact. The interviews also allowed new projects to be identified. 
To capture and analyse the information obtained from the interviews, key points were 
summarised, circulated and signed off by the interviewees. Transcribing verbatim was ruled 
out as the purpose of the interviews was not a detailed analysis of what was said but to 
capture key messages and identify trends (Bryman, 2004). By interspersing the interviews 
between the workshops and focus group meetings the momentum of the project was 
maintained. The interviews were also much easier to arrange than the workshops and focus 
groups due to the difficulty in getting the full focus group to attend the meetings. 
3.3.4 SURVEYS (QUESTIONNAIRES) 
Surveys (Thomas, 1996) were used where it was necessary to gather the views of a large 
cross section of the organisation. A number of the projects undertaken have affected the 
organisation as a whole; in these circumstances surveys have been extremely useful in 
validating the results from, interviews, focus groups and workshops. 
All the surveys were conducted using the industrial sponsor’s web-based, dynamic 
questionnaire system. This system allowed the target survey group to access the questionnaire 
on the company’s intranet via a hyperlink included in an email. The size of the groups asked 
to complete the questionnaires was equal to a third of the overall size of the group affected by 
the project. Based on the nature/scope of the project the target survey group size ranged from 
50 to 160 individuals. 
The results of the surveys have been extremely useful in making larger sections of the 
organisation aware of the project early on, ranking alternative solutions being considered and 
identifying specific issues to be addressed. However, they have not been as successful in 
getting buy-in from decision-makers as the results they yielded were considered to over 
estimate the problems and savings. 
3.3.5 TRIANGULATION 
Triangulation (Mathison, 1998; Baker, 2003) has been extremely useful in comparing and 
positioning: 
• the research undertaken in relation to current academic research presented in the literature 
reviewed, 
• the eight individual projects undertaken in relation to each other; and, 
• the research methods used by this research and those used by others. 
These align respectively with Modell’s (2005) three applications of triangulation, to ensure 
external, internal and construct validity, and Lewis’ (1998) iterative triangulation 
methodology phases I, II and III (see Figure 3.4). 
By comparing and positioning the solutions developed by this research in a wider context, 
beyond the boundaries of the industrial sponsor, with the solutions developed by others 
differences and similarities between the two were used to validate and refine the research 
solutions. Triangulating between the eight individual projects presented in Section 4, allowed 
key success factors to be identified and prioritised based on their occurrence across the 
different projects. Finally, the methods used by the projects and the key success factors 
identified were compared to remove any bias based on the approach used. 
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Phase III : Iteration
Phase IV : Conclusion
Phase I : Groundwork
Phase II: Induction
Define theoretical domain
Develop review framework
Review Literature
Select Cases
Analyze Case Data
Shape Conjectures
Refine Theory
Conclude
Define population and identify sampling frame
Skim cases and tabulate codes
Sample cases
Develop initial conjectures
Compare conjectures to data
Analyze data within cases
Analyze data across cases
Survey case authors
Reach closure
Extend conjectures
Do mental experiments
Evaluate theory
Suggest future research directions
 
Figure 3.4 Lewis’ (1998) iterative triangulation methodological process 
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4 THE RESEARCH UNDERTAKEN 
In collaboration with the industrial sponsor, eight research projects were undertaken, which 
are described in this section. Each project focused on a specific aspect of the industrial 
sponsor’s business which it wished to improve. To achieve the improvements a range of 
process and knowledge management techniques were applied. 
Process and knowledge management techniques were applied in isolation on six of the 
research projects to allow various aspects of these techniques to be explored in detail. These 
are presented in Sections 4.1 and 4.2. At the end of each of these sections key lessons and 
outcomes are discussed. Building on these key lessons and outcome the most successful 
aspects of both the process and knowledge management projects are combined on the two 
final projects presented in Section 4.3.  
The key lessons and outcomes outlined at the end of Sections 4.1, 4.2 and 4.3 form the basis 
for the findings and implications discussion in Section 5. 
4.1 PROCESS IMPROVEMENT PROJECTS (PIP) 
4.1.1 PIP 1: STEEL DESIGN PROCESS (SDP) MAP 
Approximately 40% of the industrial sponsor’s projects require a steel frame design. 
Therefore, even a small improvement in the design process could have a significant impact on 
the profitability of such projects for the company. In the past the industrial sponsor achieved 
significant gains from exchanging its 3D building model information with its fabricators 
(NCE, 1998a; NCE, 1998b). To identify where further improvements could be achieved, the 
industrial sponsor tasked this research with mapping its steel design process. To do this a 
series of workshops and interviews were undertaken with two design engineers. 
To develop the process maps the design engineers were asked to talk through a typical 
sequence of activities that would take place on a typical 4/5-storey office in London (valued at 
£10 million with 5,574 sqm of floor space) from scheme design to detailed design. The 
activities discussed would then be captured using a modified Integrated DEFinition 0 (IDEF0) 
(Hunt, 1996) notation (see Figure 4.1). The reason for modifying the notation was to capture 
the different technological design analysis and modelling tools used at different stages of the 
design process. This was to better understand the value of linking these tools together (see 
Paper 4: Matsumoto et al., 2002 Appendix I). Following the workshops the process maps 
developed were compared against Process Protocol 2 and the RIBA plan of works. If any 
issues were identified at this stage, interviews would be used to resolve any differences. Once 
resolved, the group reconvened to review the process maps and were actively encouraged to 
change and add further detail where necessary. 
The outcome of the workshops and interviews was a series of modified IDEF0 process maps, 
which identified 28 activities and 49 connections. However, due to the commercially sensitive 
nature of the process maps it has not been possible to include them in this thesis. 
The process maps were then presented to a focus group of three Directors and the Process 
Manager (see Appendix A). The discussions with the focus group led to their concerns 
regarding the scope of the project and output being raised. Their main concern with the output 
was that, although they recognized the maps had a theoretical value, they felt unclear how the 
output (the IDEF0 maps) from this type of exercise could be used by the business and 
therefore how it added value to the organisation. Regarding the scope they were sceptical as 
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to the feasibility of accurately mapping the design process. Further discussions led to the 
decision that before any similar process mapping was undertaken practical deliverables with 
clearly defined benefits should be identified; and, that a more appropriate notation should be 
identified because the IDEF0 format could not readily be understood by the design engineers. 
 
 
Figure 4.1 Key to modified IDEF0 notation used to map whitbybird’s steel design process 
 
The SDP project did not result in a direct change to the way the industrial sponsor worked. 
However, as part of the overall research this project allowed a more detailed understanding of 
using process mapping techniques in a commercial environment to be developed and the type 
of project/output that would be accepted and adopted by the industrial sponsor. The output 
from this research also formed a key input into the development of the Management Briefing 
Sheet (MBS), outlined in Section 4.3.1. 
4.1.2 PIP 2: PART L (PARTL) 
Taking on board the lessons from the Steel Design Process Mapping project, the Part L 
project had a clearer deliverable and business benefit. The construction industry as a whole is 
heavily regulated; for example most buildings have to comply with the Building Regulations. 
To ensure compliance with such regulations engineers will generally have to run an additional 
set of checks on their design. However, the problem with these checks is that they are often 
unnecessary, as good designs will inevitably comply with the regulations this was perceived 
by many as non-productive time. 
The Part L standard (DTLR, 2002) on energy efficiency is just one of many design standards 
that must be adhered to. To determine if a design complies with the standard, engineers must 
gather a number of facts about the design to establish the appropriate coefficients to use in the 
standard’s various formulae. 
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The industrial sponsor felt that determining the coefficients that the regulations required was a 
low value activity that could be significantly streamlined. To streamline its Part L compliance 
it was decided that an online web-based system should be developed. To determine if a design 
complied with the standard the system would present the engineer with a series of simple 
questions to allow the necessary coefficients to be automatically determined. In addition, as 
engineers worked their way through the online questions, supporting information and notes 
were to be incorporated into the system that engineers could access, adding educational value 
to the system. Finally, once all the questions had been answered, the system would produce a 
permanent paper record of compliance with the standard. 
This research was tasked with developing the specification for the web-based system. To do 
this the Part L standard was broken down into a flow diagram incorporating all the necessary 
coefficients and formulas. The flow diagram was then reviewed independently by the 
industrial sponsor’s Building Physics team. Once approved the specification was then 
submitted to the industrial sponsor’s IT Development (ITD) team. Working with the 
development team a Graphical User Interface (GUI) was developed that guided the user 
through the system in a step-by-step manner. 
The level of automation achieved by the system, rolled out to the services team, was high and 
allowed the Part L check to be undertaken quickly and easily. The time saved, by not having 
to check against the standard, meant design engineers could spend more time finding 
innovative and efficient design solutions. 
What is interesting to note about this project, from a knowledge management perspective, is 
that this project did not lead to any new knowledge being discovered about the Part L 
standard as this was already explicitly expressed in the building standard. The key benefit of 
the Part L system was therefore not explaining what to do or creating new knowledge but 
automating what needed to be done to make the process as quick to complete as possible. 
The Part L project changed and improved the way the industrial sponsor worked, however, 
the impact of the project on the business was limited. This was due to the limited number of 
people using the system, and the frequency with which the system was used. This in turn, 
made it difficult to justify updating the system when the Part L code was amended, and 
further reduced the impact of the project on the business. The importance and success of the 
project to the overall research was that it allowed key factors that made a successful process 
management project to be better understood. 
4.1.3 PIP 3: MONTHLY MANAGEMENT REPORTS (MMR) 
The third process improvement project also had a very specific business benefit and 
deliverable. Monitoring ongoing and future levels of work is an essential business process for 
the industrial sponsor. To do this each of the industrial sponsor’s team leaders produces a 
monthly workload management report. By documenting the process undertaken by the team 
leaders, using flow diagrams and UML use cases, it was calculated that each team leader took 
on average three hours per month to produce a report. In doing so, the team leaders would go 
through the following stages: 
1. Extract team data from the industrial sponsor’s Job Management System (JMS) and 
place this information into a spreadsheet. 
2. With this spreadsheet the team leader would then produce a number of workload 
graphs. 
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3. These workload graphs would be reviewed at the monthly workload meeting with 
other team leaders to balance workload across the teams. 
4. Based on any decision from the workload meeting the team leader would then update 
the JMS data as necessary. 
5. After updating the JMS data the team leader would extract the new JMS data to 
produce a final set of graphs, repeating steps 1 and 2. 
6. The final set of graphs would then be reviewed by Directors at the monthly 
management meeting to review workload and resourcing. 
Although the end result was of course fundamental to the organisation’s management process, 
the routine for producing the reports was clearly extremely inefficient. This was made worse 
by the fact that 20 team leaders were repeating the same routine every month, compounding 
the problem across the business. 
To streamline the production of the graphs this research was tasked with specifying and 
developing a system that would automate the production of the graphs. By carefully 
identifying the data sources used in the reports and the format of the reports, a development 
specification was produced. This was developed with and approved by a Task Group of 
Directors and Senior Managers (see Appendix A). The approved specification was then 
passed to the industrial sponsor’s internal Information Technology Development (ITD) team 
who produced the system (see Figure 4.2). 
 
 
Figure 4.2 Typical Monthly Management Report (MMR) screen shot 
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The web-based solution enabled each team leader to automatically produce the graphs. The 
time savings were noticed by all the team leaders when the system was launched, and the 
result was a saving of £48,000 per annum across the business. More importantly the 
management time saved could now be spent validating and interpreting the data. Other key 
benefits of the system were consistent report layout and improved data integrity. Previously 
when the reports were produced in Microsoft Excel, there were: 
• differences in the graphs layout, for instance different colour bars and different scales, 
would make quickly comparing two set of graphs difficult; and, 
• differences in when the data was imported from JMS meant it was possible that certain 
jobs were double counted. 
Removing both these problems enabled a better comparison of team performance (workload), 
which ultimately resulted in better operational control. 
Another way in which it is envisaged that the system will be used is to analyse the key factors 
affecting project performance. To gain greater insight into these factors the individual 
monthly comments made by Directors regarding each project will be reviewed at the end of 
the job. This will then allow preventative measures to be put in place. 
The MMR project has significantly improved the way the industrial sponsor works, saving 
them an estimated £48,000 per annum. The introduction of the system has also resulted in a 
permanent change to the way this type of work is carried out. The key factors that have 
contributed to the project’s success to be noted are the management support and the total 
value of the time saved. 
4.1.4 KEY OUTCOMES AND LESSONS 
Process mapping projects allow organisations to better understand what they do, to do things 
better (Anjard, 1996). These three process improvement projects demonstrate that it is 
important to understand that the process maps themselves, are not the end - of a project, but a 
means to an end - or business objective. It was also observed, that without a clear business 
objective it is difficult to gain the necessary support for such improvements. It is also essential 
that when presenting process information to end users an appropriate format is used. Many 
process mapping notations are not easy to understand and interpret (Fülscher and Powell, 
1999; Karhu, 2000). This can cause the content/issue being addressed to be masked by the 
complexity of the notation used. 
When a clear business objective has been identified this does not, however, guarantee internal 
support. The reason for this is that it is essential that the new process delivers noticeable 
savings over the old process. Although the Part L project had a clear business objective it did 
not attract widespread support. This was because although the system made a significant time 
savings to the individual, the total time the industrial sponsor saved based on the total number 
of times the system was used was limited. The MMR project, in contrast, was used by all 20 
team leaders every month. The system also had wide spread support due to the seniority of 
people involved. The need for buy-in from all levels in the organisation is essential. However, 
top management support always has to be considered in any project as they are ultimately 
responsible for approving any such improvements. It is also interesting to note, that the 
amount of support a project will attract will, to a certain extent, be predetermined by the type 
of project. The very nature of the Part L project meant it was geared towards engineers, and 
the MMR system was geared towards the senior management. 
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One of the key lessons learnt from the SDP project, was that to avoid confusing the end user 
with process maps, the process was masked from the end user in both the Part L and MMR 
projects. This was achieved by carefully designing the Graphical User Interface (GUI) to 
guide the users through the process step-by-step. Guiding the user through the system step-by-
step also had the advantage of creating consistent results; this then allowed management to 
better monitor progress with more certainty. 
By reducing the time taken to perform a certain task it is possible to add new features to the 
system. In the case of the Part L system it was possible to supply the end user with supporting 
help files/guidance material as they worked their way through the system and in the case of 
the MMR system it was possible to start collecting additional project information that could, 
in the future, be used to better analyse project performance. 
4.2 KNOWLEDGE MANAGEMENT PROJECTS (KMP) 
4.2.1 KMP1: ELECTRONIC DOCUMENT MANAGEMENT SYSTEM (EDMS) 
The amount of information organisations send and receive has increased significantly in the 
last 10 years (Sweeney, 2001). This coincides with the ongoing transition from paper-based 
systems to digital systems. In 1998 the average person in the United States would send and 
receive on average 733 items per year (Odlyzko, 2000); at whitbybird the current average is 
200; however, the number of emails sent and received is 2350. Managing these emails using a 
paper-based system poses a number of problems. However, the main problem is that 
documenting each email would mean using approximately seven boxes of paper every week 
(as a minimum if each email was 1 page long) which is clearly an undesirable outcome. 
Other problems associated with the volume of information being sent and received is that it 
further complicates the effective management of information from creation, filing, archiving, 
to ultimate destruction, using paper-based manual operations. Managing digital information is 
also further complicated by employees accessing information over office networks. This can 
make determining the most current version of a document difficult with individuals creating 
multiple copies on different parts of the network in an uncontrolled way. For example, 
copying the latest version of a document on to a laptop to update it, sending it to colleagues 
and then forgetting to save it again on to the network. 
To address the problems mentioned above a number of organisations in the construction 
industry have implemented Electronic Document Management Systems (EDMS) (Rezgui et 
al., 1998; Björk, 2002). Key benefits of such systems are their search, retrieval, and workflow 
capabilities that allow the system to control document generation, filing, distribution and 
approval. 
To establish the benefits of implementing an EDMS system and the criteria that the systems 
should be evaluated against, the industrial sponsor tasked this research with setting up an 
EDMS steering group. This group was composed mostly of Directors (see Appendix A) and 
identified two key benefits of implementing an EDMS system: better quality control of 
documents and time efficiency in filing, searching and retrieving information. Other criteria 
identified by the steering group related to the implementation costs and the ability to better 
leverage knowledge (embedded in the numerous reports produced by the business) by having 
better document classification and search functionality. Based on the benefits established by 
the steering group a business case for implementing an EDMS system was developed by this 
research. 
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Part of the business case, developed by this research, was based on a survey of end users. To 
estimate the total time an EDMS system could save the business 160 users were targeted by 
the survey in Appendix E. The group targeted by the survey comprised a third of all users in 
each job role within the business. Based on the average time each role felt they would save 
multiplied by each roles’ charge out rate and the total number of users it was estimated that a 
total saving of £168,900 could be achieved in a year against current practice. 
Based on the criteria developed with the EDMS steering group, five systems/options 
(Microsoft Sharepoint, Business Collaborator, Objective, Causeway Technology and the 
option of improving internal procedures) were evaluated. Based on this evaluation the 
Sharepoint solution was chosen as the preferred solution due to its high functionality and low 
implementation costs. To establish how the system should be implemented a task group of 
end-users was established (see Appendix A). End-user input, the industrial sponsor felt, was 
fundamental to the project’s success because to achieve the benefits set out in the business 
case it was essential to enable this group to tailor the system to meet their day-to-day needs. 
Based on the end-users task group recommendations the Sharepoint system was configured 
and piloted on two representative building design projects for two months. 
At the end of the trial, little tangible evidence could be found that the EDMS system would 
result in a saving of £168,900, as set out in the initial business case. This was in part due to 
inactivity on the projects and in part due to difficulties with configuring the system. The 
configuration problems meant that some processes were in fact more complicated than if they 
were carried out on paper. This of course caused the users dissatisfaction and resulted in a low 
level of enthusiasm for the project. This made approving the roll-out of the system across the 
whole office difficult. However, the main reason why the system was not adopted by the 
organisation as a whole was that a number of the features core to the business case were 
removed from the second version of the software. However, the lessons learnt are currently 
being used by the industrial sponsor to pilot a new EDMS system. 
The EDMS project allowed a detailed understanding of how such systems could be used in a 
commercial environment. Although the project did not result in any change or improvement 
to the business, key lessons were learnt regarding how these systems could be used to 
improve knowledge management. These lessons are currently being used to specify and pilot 
the implementation of SharePoint 2007, the third release of the system that now has all the 
original features of version 1 which was piloted. 
4.2.2 KMP2: TEAMWORK KNOWLEDGE CAPTURE REPORT (TWKCR) 
Two of the problems identified by Egan (1998) were lack of supply chain integration and a 
lack of repeatable processes. To address these issues, three TeamWork events were organised 
(TeamWork, 2000; TeamWork, 2001; TeamWork, 2002) by Virtual First. Virtual First is a 
government and industry sponsored educational group whose mission is ‘‘to provide an 
education focus for the construction and facilities management industries to deliver built 
facilities which meet client needs through effective team working across all design, 
construction and operation activities, using IT for virtual prototyping... to build before we 
build, to occupy before we’ve built’’ (TeamWork, 2002). Each event brought industry experts 
together to test new collaborative ways of working using virtual prototyping, effectively 
"building the building before it is built" (TeamWork, 2000). The events demonstrated what 
could be achieved, in a short space of time, when design and supply teams work together in an 
integrated way. 
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The industrial sponsor was a key member of the Virtual First team organising, managing and 
participating in the events. Its particular interest with the events was supply chain integration 
with steel fabricators. In 2001 and 2002 this research was tasked with creating a knowledge 
capture method to capture the key lessons from the events to enable others to learn from such 
lessons (Matsumoto et al., 2005b). 
The need to create a knowledge capture methodology in 2001 was due to the increase in 
numbers, participating in the event, which grew from 29 in 2000 to 57 in 2001. The need to 
modify the knowledge capture methodology in 2002 was in part driven by the way the 2002 
event was organised and to take on board the lesson learnt from 2001. In the 2001 event, the 
participants were divided up into discipline teams (3D model, structural analysis, costing) 
which were led by a member of the TeamWork team, who were responsible for capturing 
what each discipline was working on, with a Process and Knowledge Capture team, of eight, 
supporting them. However, in 2002 the participants were divided up into six multidisciplinary 
teams working independently on their own projects with support and guidance from the 
TeamWork organisers during a series of workshops before the live week when each team 
would have their projects tested. 
Two key issues identified with the 2001 TeamWork methodology, which had to be addressed, 
were: 
• what the Process & Knowledge Capture team thought was interesting might not have been 
the most important thing that was happening; and, 
• the whole capture process relied too heavily on the Process & Knowledge Capture team. 
To avoid both issues, it was decided, that more user involvement in the capture process was 
needed. This would allow the user to document what they were doing, what they thought was 
interesting, and why. 
Developing a technology-driven system was ruled out quickly for two reasons; the first was 
cost and the second was lack of time available to develop a system. However, relying on 
people to capture and share what they were doing was too vulnerable to significant variations; 
in the sense that some teams would document too much and others too little. To fill this gap a 
TeamWork Knowledge Capture Report (TWKCR) was developed, by this research, based on 
the information that was captured and reported in the 2001 event. This report template had 
eight sections (see Table 4.1). 
 
 
Table 4.1 TeamWork Knowledge Capture Report (TWKCR) sections 
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This made the capture process quick and easy because each section of the template only 
required small pieces of information to be captured each time. 
In the 2002 event each team, of 5 or 6 people, was asked to nominate one of its team members 
to be responsible for completing the report as the project developed. The reports were also 
reviewed periodically by the TeamWork team to make sure the teams were using them 
throughout the event. This made the whole capture process part of their day-to-day work. 
One of the key elements of any knowledge management system is how knowledge is 
captured. Although the TeamWork event was a hypothetical design exercise (as the building 
were not going to be built), which removed many commercial realities, the TWKCR was 
nonetheless tested by 6 team and 47 participants in the 2002 event. The teams used the 
TWKCR in a variety of ways and with varying degrees of success based on the frequency 
with which they were capturing knowledge. However, making the information to be captured 
as brief and straight forward as possible (making the whole process quicker and easier) was 
seen as key to the report’s successful use. 
The importance and value of the TWKCR project to the industrial sponsor was that it allowed 
them, and this research, to develop a better understanding of how knowledge (/information) 
could be captured. To further develop knowledge management within the business and 
incorporate this type of approach on its projects, the industrial sponsor has recently appointed 
a new EngD research engineer (James Bishop). 
4.2.3 KMP3: TASK GROUP REVIEW (TGR) 
Task Groups play a central role in the industrial sponsor’s drive to continuously improve its 
working processes, knowledge and skills base. These groups are the industrial sponsor’s 
equivalent to “knowledge communities”/“communities of practice” (David Bartholomew 
Associates, 2005). However, senior management had raised concerns about the effectiveness 
of these groups. To improve the effectiveness of these groups this research was tasked with 
reviewing/examining the purpose, reporting routes and deliverables of the Task Groups. 
Task Groups generally comprise 5 to 8 members with a mixture of senior and junior staff, all 
generally volunteering their time, mostly during lunch. The groups draw on all disciplines and 
regions (where possible) encouraging the sharing of information, knowledge and expertise. 
Task Groups are either permanent, set up to manage particular areas of the business (e.g. 
specifications and training) or temporary, set up to look at a very specific aspect of the 
business (e.g. improving the billing process and implementing a new Client Relationship 
Management (CRM) system). (See Appendix C for full list). The purpose of a Task Group is 
to: 
• provide expertise in specific areas to support operational management meetings; 
• develop and recommend changes to improve the industrial sponsor’s work 
processes/procedures; 
• collect, share and disseminate knowledge; and, 
• achieve the business targets agreed by the groups. 
To achieve their purpose and communicate their findings, Task Groups had three distinct 
reporting and delivery routes (see Figure 1.5): 
1. Operational Board Reporting - presenting recommendations for approval. 
2. Management Meeting Reporting - reporting progress and targets. 
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3. Project Delivery Presentations - communicating changes and new information to the 
organisation. 
 
To facilitate the process of reviewing Task Group performance a Task Group Detail Review 
Sheet was developed (see Appendix B). All Task Groups chairs were asked to complete the 
sheet and contributed to their review. On reviewing these sheets it became evident that there 
was a lack of focus and drive within a number of the groups. This was in part due to the lack 
of leadership within the groups and unclear direction given by senior management. The lack 
of direction given by senior management was caused by a breakdown in reporting. This 
breakdown in communication between management and the Task Groups also meant it was 
also very difficult to identify who was responsible for specific issues. Furthermore, the lack of 
feedback from the organisation’s end users and management meant some Task Groups had 
lost their focus and drive. 
To address the problem of reporting each Task Group was categorised according to one of the 
seven parts of the organisation they supported (Business Development, Finance, 
Management, KPI & Legal Review, Structure/Services Technical, Process; and, HR (see 
Section 1.2: Figure 1.4)). These were then matched against the six management meetings and 
the technical meetings outlined in Section 1.2: Figure 1.4. Following this a reporting schedule 
for each Task Groups and management meetings were developed (see Appendix C). 
These schedules are currently being used by the industrial sponsor and have resulted in 
improved Task Group management reporting. The improved reporting has allowed 
underperforming Task Groups to be identified and consequently allowed the industrial 
sponsor to take appropriate actions to improve their delivery against agreed targets. This 
categorisation also revealed the absence of Task Groups focussing on ‘clients’ and other areas 
of the organisation’s business function. 
4.2.4 KEY OUTCOMES AND LESSONS 
One of the key lessons learnt from the three knowledge management projects was that for a 
knowledge management project to be successful they must be integrated seamlessly with the 
organisation’s day-to-day operations. The EDMS’s lack of integration meant that the new 
process took longer to undertake than the old system. This led to a lack of support for the 
systems. 
The success of the TWKCR being used by the teams participating in the TeamWork 2002 
event was in part due to the capture process being made part of the day-to-day operations of 
the engineers. However, the capture process was further made easier by the process being 
quick and easy. This was achieved by making the information the user needed to capture as 
minimal as possible. Although it is recognized that the TeamWork events were hypothetical 
design exercises, many of the lessons learnt regarding the capture of information are also 
demonstrated in the MMR and Part L process projects. 
What also emerges from the projects is that knowledge management is not just about 
capturing knowledge. It also encompasses the whole process of assimilating and 
disseminating information to create new knowledge (Nonaka and Takeuchi, 1995). It is 
precisely the ability (success) of a system in generating new knowledge that determines its 
value. To do this people are key; as only people can currently create new knowledge. People 
therefore need to be given as many opportunities to identify and assimilate new knowledge. 
What the Task Group Review highlights is the fragility of knowledge management systems 
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(socialization, externalization, combination and internalization (Nonaka and Takeuchi, 1995)) 
as a whole if they are not carefully managed. 
It should also be noted that whilst within small companies, with fewer than 250 employees, 
knowledge can easily be managed by its people, however, as a company grows it becomes 
increasingly difficult to rely solely on them (Wong and Aspinwall, 2005). This is because it 
becomes increasingly difficult to know everyone in an organisation. David Bartholomew 
Associates’ (DBA, 2005) research indicated that simply splitting a company over two floors 
can significantly reduce knowledge sharing. 
To date it is the industrial sponsor’s Directors who have been responsible for managing 
knowledge. However, the Directors have recognised that as the company continues to grow 
this approach, of Directors being responsible for managing knowledge, will no longer be 
adequate. The industrial sponsor has therefore, over the last 5 to 10 years, been adopting more 
and more sophisticated knowledge management solutions. Developing, implementing and 
monitoring these solutions has been the responsibility of the Process Team and Information 
Technology Development teams. To further support these teams and continue with the work 
carried out thus far another EngD Researcher (James Bishop), has been appointed by 
whitbybird to explore how managing technical/(design) expertise can be used to enhance 
organisational best practice. 
4.3 COMBINED PROCESS AND KNOWLEDGE PROJECTS (PKP) 
Two projects, the Management Briefing Sheet (MBS) and the Skills Management System 
(SMS) incorporate elements of both process and knowledge management techniques. These 
projects were selected due to their potential financial benefits and the total number of staff 
that would benefit from their implementation. The aim of combining both process and 
knowledge management techniques is to create a dynamic solution, which addresses both 
short and long-term organisational and specific individual requirements. 
4.3.1 PKP1: MANAGEMENT BRIEFING SHEET (MBS) 
One of the main concerns that was raised at the end of the steel design process mapping 
exercise (see Section 4.1.1) was whether the design process could in fact be mapped. To avoid 
this difficulty it was decided to approach the Management Briefing Sheet (MBS) project from 
a different perspective. 
To gather the content for the MBS the following document were reviewed: 
• the Industrial Sponsor’s operational procedures, 
• the management flow chart the industrial sponsor had developed, 
• the RIBA plan of works (Phillips, 2000), which it regularly refers to when discussing 
project progress; and, 
• the Steel Design Process Maps (see Section 4.1.1) 
The above documents were selected as they contained current best practise relating to the 
management of design projects. By first reviewing the content and then the way the content of 
the above documents were presented it was strongly felt that these documents could be 
combined in a more valuable way, by applying a key lesson from the Part L and TWKCR 
projects, i.e. to present the key management tasks that have to be undertaken at each step of 
the project. The key element of the Part L project to be incorporated was supplying the user 
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with as little detail as possible, but packaging the detail (supporting information) into separate 
help files that could be accessed as the user worked through the system. The types of detail 
identified that the user should have access to were operation procedures, blank forms and 
templates and worked example for each of the key management activities. The key aspect of 
the TWKCR that it was felt should be incorporated was making the process quick and easy 
and incorporating it into the day-to-day routine of a project. 
The background to this project and the solution that was developed can be seen in Paper 1 in 
Appendix F (Matsumoto et al., 2005a) and was initially created by extracting key 
management activities from the documents listed above. The key management activities were 
then validated and discussed amongst the Task Group assigned to the project comprising three 
Directors and one Senior Manager (see Appendix A). Their input was essential as much of the 
knowledge regarding project management is based on Project Director experience. Using an 
iterative development methodology (Matsumoto et al., 2005a) numerous meetings were 
arranged. These meetings resulted in a list of 56 activities being identified that needed to be 
undertaken at specific stages of a project. Also, 56 project forms to be completed during the 
course of a project and 64 team guidance documents, procedures and worked examples that 
related to the different activities were also identified. Based on this it was possible to 
incorporate these supporting documents into a single A4 page document with hyperlinks (see 
Figure 4.3). 
 
 
 
Figure 4.3 Graphical illustration of the Management Briefing Sheet (MBS) (Matsumoto et al., 2005a) 
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The benefit of the MBS project to the industrial sponsor was that: 
• At an organisational level it allowed a number of duplications in operational procedures 
and manuals to be removed.  
• It created a means of directing people to best practice examples. By directing people to 
these best practices examples their status was challenged and best practice continuously 
improved.  
• At a team leader level it outlined the key management tasks to be undertaken at each stage 
of the project, allowing them to delegate these around the team.  
• At a team level, as each task was delegated, if the team member was not sure what the 
task entailed they could either access the operational procedures or the worked examples 
for further help.  
This ability of the final product to be used at multiple levels in the organisation was seen as 
critical to its success. 
4.3.2 PKP2: SKILLS MANAGEMENT SYSTEM (SMS) 
People are key to an organisation’s ability to create new knowledge. Many companies 
(Drucker, 1996) have, therefore, developed Human Resource Management (HRM) procedures 
and “yellow pages” (DBA, 2005) systems which list people and their skills and interests to 
leverage their people’s knowledge. 
The industrial sponsor’s own “who’s who” system, equivalent to what others refer to as their 
“yellow pages”, contained basic user information listed in Table 4.2. Once the user was added 
to the system by the Human Resource team it was then the individuals’ responsibility to enter 
their profile and keep it up to date. The value of these types of systems is their ability to put 
people in contact with other people, but also to track expertise, where expertise (the ability to 
create knowledge) is based on experience and training. 
 
first/last name,
team,
role,
telephone number,
photo,
location within the building
work experience with other companies,
work experience with whitbybird,
qualifications,
training; and,
skills (information technology and languages).
 
Table 4.2 User data captured within the “who's who” system  
 
The industrial sponsor’s “who’s who” system did not appear to support the business in a 
noticeable way. This was confirmed based on the results of a wider knowledge management 
survey of a 100 users (with 77 responding) conducted as part of a collaborative research 
project with David Bartholomew Associates (DBA) (DBA, 2005) (see Appendix D: Section 
3). This wider survey revealed that the “who’s who” system was used mainly to look at 
peoples’ photos, followed by finding telephone numbers and roles and responsibilities, rather 
than their skills. As the skills related information within the “who’s who” system was not 
used by the organisation, there was neither pressure nor incentive for users to keep the 
information up-to-date. 
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To develop the value of the “who’s who” system to the business the industrial sponsor’s 
Training Task Group was brought on board to explore how they could use a new system. The 
Training Task Group, lead by the Director and five representatives from the different 
disciplines and a further three coordinators (see Figure 4.4). This group had three 
responsibilities: setting the training strategy, the training budget and organising all the 
training. 
 
 
Figure 4.4 whitbybird’s training task group organisational structure 
 
The main aim of the new Skills Management System (SMS), outlined in Paper 3 in Appendix 
H (Matsumoto et al., 2005c), was to make sure it had multiple levels of usage from Graduate 
Engineer to Operational Board Director. This was achieved by exploring what the system 
could offer each of these types of user and based on this, the type of data collected was 
documented. It was also strongly felt, by the Training Task Group that the system should be 
quick to use. Therefore, the data collected was reviewed to explore how the capture process 
could be shortened as much as possible. 
To validate the individuals’ self assessment of their skill grade levels, their team leaders were 
made responsible for approving them. Also, to further ensure that team leaders were grading 
their teams fairly, a report was produced that grouped individuals by skill grade. This report 
could then be used by the Training Task Group to upgrade/downgrade individual who they 
felt were in the wrong grade. 
The SMS project was released on the industrial sponsor’s intranet. All of its employees are 
currently assessing their skills levels and it is anticipated that this capture process will be 
completed in the near future. Based on everyone entering their skill level the reports outline in 
Paper 3 in Appendix H (Matsumoto et al., 2005c) will be produced. Based on these reports 
this system could change the way the industrial sponsor spends its training budget, organises 
its teams, identifies its experts and allows individuals to measure their performance against 
their peers. 
4.3.3 KEY OUTCOMES AND LESSONS 
Part of the success of the MBS project was due to its presentation (see Figure 4.3). The simple 
presentation of the management activities, that need to be undertaken at various points in a 
project, allowed the user to quickly identify what needs to be done and when. This could not 
have been achieved using a standard IDEF0, UML or flow diagram approach. The 
presentation layout also supported the user, in completing the various management activities 
outlined in a similar way to the MBS and Part L projects, by directing them to various useful 
pieces of supporting information. 
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The links to supporting information were also fundamental in gaining support from multiple 
levels in the organisation and driving forward continuous improvement. The support for the 
MBS came from its use by different levels of the organisation and the continuous 
improvement came from individuals being able to submit new examples of various activities. 
Multiple levels of usage was also key to the success of the SMS. This system again drew its 
support from multiple levels in the organisation by being able to be used in different ways. At 
an individual level it could be used to identify key strengths and weaknesses and at an 
organisational level it could be used in a similar way, rather to determine organisational 
training strategies. The effectiveness of these strategies can then be monitored over time. 
The SMS also draws on the key lesson from the Part L, MMR and TWKCR projects, by 
making the input process as quick and easy as possible. This was achieved by asking the users 
a series of short questions on different issues. The answers to these questions can then be 
combined to generate new knowledge about the system (Matsumoto et al., 2005a; Matsumoto 
et al., 2005b). 
With both the MBS and SMS projects a critical success factor was the linking information 
between different levels in the organisation. This independent pushing and pulling of 
information onto and from both systems seems to be key to their self-regulating, dynamic and 
sustainable nature. 
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5 FINDINGS & IMPLICATIONS 
This research set out to “within the context of the industrial sponsor develop a structured 
approach to continuous improvement, focussing on organisational knowledge, business 
processes and management systems”. This was achieved by identifying 
inefficient/problematic areas of the business; reviewing current literature around these areas, 
documenting and analysing these areas and evaluating the impact of the specified solutions. 
Based on the solutions being approved by the industrial sponsor’s Operational Board of 
Directors the solutions would be developed, implemented and monitored. 
The final section of this thesis presents the key research findings, based on what has 
previously been presented. The impact of the research academically, commercially and on the 
wider industry is discussed. Recommendations to academics and commercial organisations 
are then made before a final review of the research. 
The industrial sponsor’s motivation for undertaking this research was to generate commercial 
gains by enhancing the efficiency of its design and management systems. This was achieved 
through the creation and application of the various strategic planning exercises, changes to its 
operational procedures, and the development of technologically driven solutions described in 
Section 4, all of which were developed based on current theory in process and knowledge 
management. 
The findings of the individual research projects adds to the academic body of knowledge and 
demonstrated immediate commercial gains for the sponsor showing potential for sustained 
improvements in its design and management processes. However, and perhaps of more 
significance, is the opportunity for combining current process and knowledge management 
theories in an industrial context. 
5.1 THE KEY FINDINGS OF THE RESEARCH 
The eight individual projects, described in Section 4, have been categorized by components of 
the business (see Section 1.2: Figure 1.4); that is, its Business Development, Finance, 
Management, KPI & Legal Review, Structure/Services Technical, Process; and, HR issues 
and by the type of solutions adopted by the project, process, knowledge or process and 
knowledge driven (see Figure 5.1). 
This range was essential in exploring and understanding process and knowledge management 
concepts and theories throughout the business, which would have been difficult on a single 
project. The methodological approach has also been essential in allowing different concepts 
and theories to be explored and understood, first in isolation and then in combination, and of 
equal importance to the industrial sponsor in achieving business benefits through a process of 
strategic change. 
Three key findings emerge from the research. The first has been termed “closing the loop”. 
The second and third are a direct result of project outcomes and relate to the size of 
information captured and the mechanisms for change. 
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Figure 5.1 Research projects categorised by the area of the business they have focused on 
 
5.1.1 CLOSING THE LOOP 
The types of issues addressed by the individual research projects have cut horizontally across 
the organisation, involving different disciplines and areas of the business, and vertically 
between different hierarchical levels of the organisation, from Graduate Engineers to 
Operational Directors. Figure 5.2 illustrates the vertical and horizontal reach of the project. 
With regard to the vertical reach of the projects, although engineering and management 
focused projects only supported one level of the business, management focused projects have 
been given a higher rating due to the ability of this level of the business to implement change. 
However, the projects that spanned both vertically and horizontally across the organisation 
had the most success. These projects demonstrate the importance of “closing the loop” as one 
of the key criteria in determining overall success (i.e. outcomes). Essentially this means any 
solutions must have multiple uses at multiple levels within the organisation. To achieve this, 
aspects of both process and knowledge management must be combined to create a solution 
which delivers successful outcomes in both hard (financial) and soft (knowledge) terms. 
Process management techniques are needed to breakdown complex business issues into more 
manageable elements, which can be analysed to allow new systems to be developed (Anjard, 
1996). However, to fully understand the intricacy of each element of the process it is also 
essential to gather the views about how the process is undertaken from the complete range of 
end users involved in the process. The groups used to capture this information, in this 
research, ranged from three to nine. Based on the individual perspectives of those involved in 
a process: why the process has value, its current effectiveness, and where there is the potential 
for improvement is it possible to ensure the most appropriate changes are made to address all 
the concerns/issues raised by the different project stakeholders and why it is so important to 
use a representative task group for the project concerned (Paper 1: Matsumoto et al., 2005a; 
Paper 3: Matsumoto et al., 2005c). 
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Figure 5.2 Horizontal and vertical scale of project reach 
 
Understanding how each element contributes to the long-term strategic goals of the company 
must be the primary focus of any new process and knowledge management initiatives (Riege, 
2005; Halawi et al., 2006). By focusing on, and explicitly identifying, the specific business 
issues to be addressed it is more likely that an appropriate solution will be found. Defining the 
issues to address means clear objectives for the project can be set. This is essential in 
preventing ‘scope creep’ where it is unclear where one project starts and ends. If more and 
more issues/goals are set as the project progresses the end result tends to be a solution that 
fails to address any of the issues. 
However, limiting the scope of a project can limit the potential for improvement. This can 
make the proposed improvement appear simple and too small to justify as worth while. To 
overcome this, short-term process improvements need to be supported by long-term 
knowledge gains to create a more attractive proposition; the reverse is also true (Paper 1: 
Matsumoto et al., 2005a; Paper 3: Matsumoto et al., 2005c). 
Clearly defining the project objectives was also extremely useful in managing the end users’ 
expectations of the project. It should also be noted that when reporting process findings back 
to project stakeholders, certain academic phrases (for example “research framework”), 
notation and diagrams (in particular IDEF0 and UML) should not be used (Fülscher and 
Powell, 1999; Karhu, 2000). This is because the stakeholders rarely have the formal training 
needed be able to understand or appreciate them. 
For information or data in the systems developed to be of use it must be accurate, up-to-date, 
easy to understand and easy to access. The benefit of a closed loop system is that the 
information and data being generated and captured is constantly checked and used at multiple 
levels of the organisation. Depending on the user’s position within the organisation, their use 
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of data/information will vary. It could either provide detailed information/data about a 
particular area of work or issue, or combining various pieces of information and data in a 
summarized form to get a global view of part of the business, particular project or issue. For 
example, the former user may then use the system to indicate that his/her task is completed 
and the next step may proceed, and the latter to decide whether or not the project is on time 
and on budget (Paper 1: Matsumoto et al., 2005a). The benefit of the closed loop system is 
that there is a benefit for each of the users at each level of the organisation to maintain the 
systems developed. 
By ensuring the information entered into the system supports the reporting needs of managers, 
these reports then allow Directors to make strategic business decisions which in turn directly 
effect managers and the users entering the information: the loop is closed. These features of a 
closed loop system were particularly evident in the Skills Management System (SMS) and the 
Management Briefing Sheet (MBS) (Appendix H and Appendix F). 
With the SMS, the skill profiles entered by the employees can be used by team leaders and the 
organisation to develop training strategies to address skill weakness and/or future skill needs 
required to achieve its strategic business objectives. These strategies then have a direct benefit 
to the employees through their attending more training courses and helping the organisation to 
achieve its strategic skills objectives. 
With the MBS, junior employees can use the system as a memory aid, using the hyperlinks to 
access worked examples and organisation’s quality procedures relating to particular activities. 
At a senior level the system can be used to assign work amongst the team and subsequently 
check that all the activities have been completed throughout the different project stages. 
When the loop cannot be closed, for instance when only one level of the organisation is 
involved in using a particular system it is essential that the system is a core process, 
undertaken on regular basis and that the new process is significantly more efficient than the 
current process being followed. The Monthly Management Report (MMR) system is a good 
example of this (see Section 4.1.3). The MMR system was designed to support managers, by 
saving their time producing the graphs and providing better consistency. It continues to be 
extensively used as it was recognised as an effective time saving tool, in this case saving on 
average two hours per month per manager. Its use, therefore, had a direct, immediate and 
noticeable beneficial impact on the managers. Another potential benefit of the new system is 
the accumulation of comments by team leaders on various aspects of their projects, regarding 
workload, resources, programme and quality. At the end of each project such comments could 
be collated to provide a quick background history of a project highlighting key issues and 
events and then analysed in relation to current systems and offer further insights into project 
management issues. 
5.1.2 KNOWLEDGE SIZE 
A key feature the MMR (see Section 4.1.3), SMS (Paper 3: Matsumoto et al., 2005c) and 
TWKCR (Paper 2: Matsumoto et al., 2005b) share, is that they require many users to enter 
small amounts of information. By combining these small pieces of information more 
substantial pieces of knowledge can be created, which the organisation can then use in a 
variety of ways to better manage its business. Drawing on peoples’ experiences in this way 
avoids a number of problems. First it avoids the lengthy process of capturing, converting and 
collating tacit project/technical knowledge into case studies. Secondly, by bringing 
individuals together to discuss and explore specific aspects of a project in relation to other 
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similar projects, the traditional difficulty of individuals not sharing their knowledge is 
avoided. 
The reason individuals are generally unwilling to share their information/knowledge, is that 
they perceive this as weakening their authority/power base (Egbu et al., 2005; Ndlela and du 
Toit, 2001). However, through sharing their knowledge in a group it could strengthen their 
authority and reputation as experts on specific issues. By allowing a project team to ask 
questions, the more established team could respond and expand on other aspects they feel are 
also relevant. This is important because it allows both parties to explain, understand and 
develop a common ground, which is important as knowledge is context driven (Nonaka and 
Takeuchi, 1995). It also demands specific meetings to address concerns rather than meeting 
‘on the off chance’ and hoping that something useful might emerge. 
Closing the loop is also about the whole knowledge management cycle of capturing, 
disseminating, understanding and creating knowledge (Nonaka and Takeuchi, 1995, 
Davanport and Prusak, 1998) to allow more effective decision making. Long-term sustainable 
knowledge management systems with lasting value can never be created without the complete 
cycle being in place. However, the start of this process is the act of capturing new 
knowledge/information. The smaller the information to be captured is, the less time 
consuming it is to capture and the more likely it is that the users will enter the information 
into the systems. This is the key lesson to be drawn from this research, as demonstrated by the 
MMR, SMS and TWKCR systems. Failure to consider knowledge management and process 
management concepts together results in partial solutions. 
Process management initiatives create short-term efficiency gains by streamlining processes, 
saving time, money or improving quality. However, once in place these rigid processes lack 
the necessary flexibility to be continuously refined. To change a rigid process that has become 
engrained in the way an organisation works requires significant effort. They are therefore 
unlikely to be changed. The problem with this is that while competitors are continuously 
refining their processes, adopting new best practice, and incrementally increasing their lead, 
when a competitor’s advantage is noticed it could be too late to close the gap due to the 
disruption caused by a complete overhaul of the process in question. 
Knowledge management in contrast generates long-term efficiency gain. However, the long-
term nature of the improvement makes it difficult to raise the initial investment required to 
deliver an effective system. It is therefore the combination of the short-term efficiency gains 
improving the process and the long-term strategic efficiency of knowledge management that 
creates sustainable efficiency for the organisation (Paper 1: Matsumoto et al., 2005a; Paper 2: 
Matsumoto et al., 2005b). 
When considering knowledge management and process management in a commercial context, 
it is essential that they are considered simultaneously. Therefore, when improving any part of 
the business the long-term knowledge management aspects must be considered and built into 
the process. These processes need to be fundamentally geared towards achieving the 
organisation’s business objectives. Both process and knowledge management initiatives that 
fail to address business issues, will inevitably fail as initial enthusiasm dies down and other 
more important or apparently more important/immediate issues present themselves. This then 
further reinforces the need for closing the loop, where the solutions have to reach across the 
organisation vertically and horizontally. 
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5.1.3 MECHANISM FOR CHANGE 
Fundamental to gaining the industrial participants’ support and commitment is demonstrating 
how a project’s deliverables integrates and adds value to their business. To do this it is 
extremely important that key decision makers are identified early on. This is because moving 
from an idea for a project, to starting a project, can require a fairly lengthy lead-in time. This 
time is needed to allow the decision makers to familiarise themselves with the complex range 
of issues associated with the project and buy into the proposed solution. 
Resistance to proposed changes, by the end users affected, must also be addressed and not 
overlooked (Waddell and Sohal, 1998). “Change management is the process by which an 
organization gets to its future state, its vision. While traditional planning processes delineate 
the steps on the journey, change management attempts to facilitate that journey.” (Lorenzi and 
Riley, 2000). A key focus of facilitating the change is therefore the focus on Human Resource 
Management issues (Fallon, 2005). Although radical change (Business Process 
Reengineering) would yield the greatest improvements, if resistance to the change prevents 
the improved systems from being implemented, then a series of small step changes might be 
all that is achievable (Continuous Improvement). The greatest step change achievable is 
therefore determined by what the most resistant person/people to the proposed change is/are 
willing to accept, and determines the organisation’s rate of change.  
The rapid growth of the industrial sponsor in conjunction with its culture that actively seeks 
change to improve its performance has greatly facilitated the change process. 
5.2 CONTRIBUTION TO EXISTING THEORY AND PRACTICE 
Currently process management and knowledge management are considered separate subjects. 
The research projects where process management and knowledge management 
tools/techniques were applied separately allowed the key issues which can influence the 
success of these types of projects to be highlighted. The individual projects developed in a 
commercial environment and undertaken to improve the industrial sponsor’s practice, provide 
and document practical solutions to real problems which add to the current body of academic 
knowledge in both process and knowledge management. With regards to process management 
projects the key issues arising from this research are that: process maps should not be used to 
communicate process with engineers and that when reengineering a process the total value of 
the time that could potentially be saved should be determined very early on. With regard to 
knowledge management projects the key issues arising from this research are that: the 
knowledge capture processes should be made as simple and quick to complete as possible and 
that how the knowledge captured is shared needs to tie into the day-to-day work of the 
business. 
What was also observed from the projects where process management and knowledge 
management were applied separately was that the benefits of undertaking these types of 
project were either, respectively: short-term benefits, quick to realise and measure; or, long-
term benefits that are harder to measure but of potentially greater significance. By combining 
both process management and knowledge management techniques in a commercial 
environment this research presents the case that when considered simultaneously they can 
lead to potentially more robust solutions. Also, applying both techniques simultaneously 
highlights the key issues of closing the loop (see Section 5.1.1). 
A structured approach to improving organisational knowledge, business processes and 
management systems 
44 
The success of the methodological approach, which allowed individual projects to be 
combined to present a holistic picture, adds further weight to the appropriateness the of using 
action research approach in an industrial context of EngD research. 
5.3 IMPLICATIONS/IMPACT ON THE SPONSOR 
The research has had two distinct impacts on the industrial sponsor. Individually, the different 
projects undertaken have improved the efficiency of specific areas of its business; improving 
how it manages its projects (MBS, MMR), developing the skills of its engineers (SMS) and 
developing its knowledge on process management and knowledge management (TWKCR, 
TGR, PartL, SDP and EDMS) outlined below. Collectively, the projects have allowed the 
industrial sponsor to refine its strategic approach to its ongoing programme of continuous 
improvement, research and development. 
With regard to the impact that individual projects have had on the industrial sponsor’s 
business, excluding the SDP, EDMS and TWKCR, which did not result in any changes to the 
industrial sponsor’s business, the improvements have come in two forms. Short-term 
efficiency gains achieved by reengineering business processes which make them quicker to 
undertake; and long-term knowledge gains achieved by ensuring the “new processes” deliver 
commercially valuable knowledge each time they are undertaken which ensures best practise 
is constantly improved. To achieve both forms of gains, permanent changes to the industrial 
sponsor’s operational procedure and processes have been made. The short-term impacts and 
benefits of these changes is more visible and can easily be discussed, in contrast the long-term 
success and value of the projects, which could potentially dwarf the short-term gains, will 
only be truly measurable if in five years time the solutions used by the industrial sponsor on a 
regular basis (MMR, TGR, MBS, SMS) are still in active use. 
The first process mapping exercise, which documented the industrial sponsors steel frame 
design process, although not yielding any direct tangible benefits was an important learning 
exercise for both the academic and industrial participants and laid down the foundations for 
the MBS research. Based on the lessons learnt from the process mapping exercise, that IDEF0 
process maps are not the most appropriate means of communicating process information with 
engineers (Karhu, 2000), the MBS project had a much greater impact. 
Documenting and summarising the key management activities, the MBS has been used by the 
industrial sponsor: to train its new managers, to manage projects, to promote best practices, to 
support its 320 engineers, and to refine its procedures. The collection of worked examples, 
which is an ongoing process now in place within the organisation, is a fundamental part of its 
continuous improvement and knowledge capture process. If users consider that their work on 
a particular project exceeds the current best practice example then they can submit it to 
replace the current standard. If they consider that their work presents an alternative view, for 
instance multiple Construction, Design and Management (CDM) registers could be held for 
different types of buildings or construction methods then it would simply be added to the list 
of best practice examples (Paper 1: Matsumoto et al., 2005a). The MBS avoids reinventing 
the wheel by documenting the key activities and examples for engineers to use, also, by 
summarising all the key management activities on one sheet, much better control of the 
project can be exercised by the manager, thereby improving the project’s delivery, cost and 
quality. The recent approval by the Operational Board of Directors to implement an EDMS 
will create further opportunities to capture and systematically catalogue best practise 
examples so that they can be more easily accessed. 
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The new Skills Management System has superseded the current “who’s who” database, 
allowing the industrial sponsor to better manage its employees’ skills, develop more effective 
training strategies, support and monitor the continuous improvement of its skills and develop 
knowledge communities (communities of practice) (DBA, 2005); based on building a 
system/network of skill leaders in different areas of the business. 
The MMR project, which is used fortnightly by team leaders, has greatly improved the quality 
of the content and layout of the key management workload report produced. By automating 
the process the time spent producing the reports has been greatly reduced (by around two 
hours per team leader per month and the company 480 hours per year), allowing team leaders 
more time to interpret and refine the data presented in the reports. As more data is 
accumulated it will then be possible to interrogate the system for key factors affecting project 
performance and combine the data sources to explain different discipline/sector trends. 
The combined effect of the various projects is an ongoing programme of continuous 
improvement, research and development that focuses on improving internal business process 
that generate improved efficiency, quality and new knowledge, which draws on current 
academic knowledge and tailors it to its own individual circumstances. The success of the 
research has also paved the way for further research and development projects with the Centre 
for Innovative and Collaborative Engineering (CICE), Open University Business School 
(OUBS) and DTI research collaboration projects into various aspects of process and 
knowledge management. 
5.4 IMPLICATIONS/IMPACT ON WIDER INDUSTRY 
Faced with problems, such as global competition, falling numbers of engineering graduates 
and an ageing engineering population the construction industry, as with other industries, 
needs to constantly adapt to address these types of issues (Egan, 1998). Even though these 
problems cannot be solved overnight, what this research highlights is that change takes time, 
and that those who do nothing could easily be left behind. 
The ways in which companies manage change is fundamental to their survival (Nicolas, 
2004). Companies constantly have to initiate changes in response to external events. These 
events, which might include a down turn in the market, can happen over night. They can also 
be very subtle. Any delay in identifying, initiating a change, or a poor decision as to what to 
change could be severely detrimental to their market share and /or profit. 
With this in mind the EngD research presents a robust approach to implement organisational 
change, which has brought the industrial sponsor numerous benefits. Commercial 
organisations that consider process management and knowledge management together, and 
follow the recommendation set out in Section 5.5.2, will achieve better results from business 
improvement initiatives in both the short-term and long-term. 
The research also highlights the fragility of knowledge management systems, if knowledge is 
not captured it can not be used and if knowledge is not used it will not be captured. From a 
process management perspective, if clear business objectives are not identified, the value of 
the projects will be limited. 
The solutions to specific problems and the approaches to implementing change adopted in 
each of the individual projects present examples that others can draw on to implement change 
in their own organisations. 
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5.5 RECOMMENDATIONS FOR INDUSTRY/FURTHER 
RESEARCH 
The industrial sponsor with whom this research was undertaken is committed to change. 
However, lack of time, resources and money effectively restricts how much it can do. These 
limitations, which undoubtedly apply to others in the industry, make it all the more important 
that industry and academia recognise their unique strengths and weaknesses. In so doing, the 
effectiveness of research and development can be optimised by dividing and distributing 
different aspects of a research project between the academic and industrial participants. In a 
collaborative research project, their different strengths and perspectives can be brought to bear 
with mutual benefit. 
As a result of the research undertaken two distinct outcomes have emerged relating to further 
research. The first focused at academics, the broad spectrum of project this research has 
covered has meant in-depth coverage of all the available academic information has not always 
been possible. This has meant it has sometimes been difficult in obtaining relevant (many of 
the papers consulted lacked a business focus that effectively limited their applicability) and up 
to date research/findings to support the development, so arguments put forward by this 
research include some assumptions, to overcome these gaps. These two problems needed to 
be addressed, as this is a considerable misplaced use of valuable academic and commercial 
resource and effort. These gaps have been documented (see Section 5.5.1) and the industrial 
sponsors solutions contribute to current theory of the how and why of process and knowledge 
management in a business context. The second message, focused at industry, is that the lack 
of industry participation in academic research either makes the sample set too small to draw 
any meaningful conclusion or worse lacks any practical commercial focus/value. It is also 
important that industry participants understand that the more they invest in research the more 
they will gain from the whole process. Instead, greater research focus can be achieved by the 
mutual exchange of information, ideas and knowledge. The involvement of end users in the 
process of refining solutions is essential to ensure they are practical and can be adopted and 
used easily. 
5.5.1 FURTHER RESEARCH 
The range of specific business issues that have been considered by the research has led to a 
number of potential research themes. These span a number of academic fields of study and 
require the collaboration of both academic institutions and commercial organisations. 
5.5.1.1 Design engineers’ skills 
Very little information was found in literature, institutional guidance, or the company, whilst 
developing the SMS, which set out the key skills required by structural and civil design 
engineers. Although not critical to the completion of the SMS’s specification and 
development, this changed as the final system was setup to be used by the industrial sponsor. 
At this point, the industrial sponsor had to develop, in its entirety, what it perceives to be the 
skills required by its design engineers. This situation had two major draw backs. The first is 
that it had to spend a considerable amount of time identifying what these skills were. The 
second, which is a direct result of the lack of time, is that the skills hierarchy may have been 
over-simplified. With this in mind the industrial sponsor is currently investigating 
participating in two research projects, both focused specifically on identifying the design 
skills required by engineers. 
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5.5.1.2 Making process information useful 
The lack of interest in the steel frame design (‘IDEF’) process maps described in Section 4.1.1 
illustrates the need for further investigation to explore how process information embedded in 
these types of maps can be delivered in a practical and usable format. The MBS for example 
draws on the IDEF work but presents the information in a completely different way, which is 
more aligned to the processes in whitbybird. This approach helped the industrial sponsor 
address a number of business issues such as guiding engineers to standard forms and 
templates and procedures, removing duplicate procedures; and, driving best practice forward 
(Paper 1: Matsumoto et al., 2005a). This alternative approach to presenting process 
information could be applied to other process work such as the Royal Institute of British 
Architects (RIBA) Plan of Works (Phillips, 2000), The British Property Federation (BPF) 
Manual (1983), The Process Protocol 2 (PP2) (Kagioglou, et al., 1998) and the ADePT 
(Austin et al., 1999; Austin et al., 2000) work, to make them more accessible, useful and 
flexible. 
5.5.1.3 Relationship between information input size/extent and value 
extracted/embedded 
The time needed to capture project information/knowledge is critical to the knowledge 
capture process and in turn the whole knowledge management process. The smaller/briefer 
the information and knowledge the quicker it can be captured and the more likely that it will 
be captured. The TWKCR demonstrates how small pieces of information can be brought 
together in a variety of ways presenting different aspects of the project (Paper 2: Matsumoto 
et al., 2005b). Further work needs to be undertaken to determine how small a piece of 
information can be, whilst still being relevant, meaningful and of value to the business. 
5.5.2 RECOMMENDATIONS FOR INDUSTRY 
Managing an organisation’s processes and knowledge is key to sustained competitive success. 
The critical success factors and key recommendations arising from the research are that: 
1. Process management and knowledge management techniques should be considered 
simultaneously as this will lead to more robust solutions. 
2. All process and knowledge management projects must contribute to achieving the 
organisation’s strategic business goals, set out in its business plan. 
3. An Operational Board Director must be made responsible for the process 
management/knowledge management project. 
4. The Director for the project should set clear targets/KPIs to measure the project’s 
success. 
5. Time, resource and money must be made available in relation to the importance of the 
knowledge to be created by the project. 
6. The business processes that surround the creation of the knowledge to be captured 
must be documented. 
7. Systems developed to capture, and leverage the knowledge must be aligned, integrated 
and built around the needs of its employees, integrated with its operational process and 
finally supported by technology. 
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8. If new processes are added, old processes must be removed to ensure continued 
improvement in best practice and efficiency. 
9. The information/knowledge to be captured should be made as small as possible. 
10. Knowledge captured must have multiple levels of users cutting horizontally and 
vertically across the organisation and reported on a regular basis. 
11. New processes should be flexible and allowed to evolve to generate better value based 
on current best practice derived (learnt) from continuously undertaking the process. 
12. Not identifying and understanding the value of knowledge will lead to poor 
commercial performance. 
 
5.6 CRITICAL EVALUATION OF THE RESEARCH 
Bridging the academic and commercial needs of the research output has been an integral part 
of the EngD. This has exerted a certain amount of pressure on the research and balancing the 
two sets of needs has been a continuous effort throughout the research. However, this has 
produced a sharper focus for the research output, which meant both the needs of industrial 
sponsor and the academics were achieved. 
Had the research not been so responsive to the industrial sponsors needs, the downturn in the 
construction market at the end of the second year, which resulted in half the IT team and a 
quarter of the Process Improvement Team being made redundant (with even further cutbacks 
in other areas of the business), could very easily have suspended or even stopped this research 
altogether. However, the responsiveness and flexibility of the approach and methodology 
meant the cutbacks caused little or no disruption to the research. 
To meet the primary measure of success in the EngD programme, of making an impact on the 
industrial sponsor’s operations, adopting an action research methodology has been essential. 
The confidence and trust in the working relationship built up during the research with the 
industrial sponsor has been crucial in gaining access to sensitive information. Access to such 
information has allowed a much richer understanding of the key issues faced by the sponsor; 
addressing core organisational issues has resulted in senior management commitment and 
participation. Channelling their experience using action research has been key to delivering 
both academic outputs and business solutions that have significant potential to create lasting 
competitive advantage for the sponsor. 
It should be noted, however, that action research has been criticised for its lack of rigour 
(Karlsen, 1991). To mitigate and overcome this potential pitfall careful planning and selection 
of research methods and techniques has been essential. The acceptance of the four peer 
reviewed papers, by three journals (Matsumoto et al., 2005a; Matsumoto et al., 2005b; 
Matsumoto et al., 2005c) and one conference (Matsumoto et al., 2002), is validation of the 
research’s academic value in a wider context. From an industrial perspective and that of the 
EngD research of implementing organisational change: the fact that five of the eight projects 
(Part L, MMR, TRG, MBS, SMS) were adopted by the industrial sponsor and a further two 
are currently being considered as new projects (EDMS, TWKCR) is testimony of the validity 
and quality of the research undertaken in improving their working practices. The financial 
implication of implementing the proposed changes(/projects) has invited extensive scrutiny 
from the industrial sponsor’s Operational Board of Directors who were ultimately responsible 
for approving the various project budgets. 
 Findings & Implications  
 
 49 
The fact that the research has been conducted entirely from within one UK-based engineering 
design consultancy, which is probably not representative of all practices or the industry as a 
whole, could limit the applicability of the findings to the wider industry. For instance, the 
industrial sponsor’s particular organisational structure, processes, IT infrastructure and 
cultural setup has certainly helped in the development of the individual projects. For example, 
the fact that the company has an internal development team, who developed the IT projects, 
may prevent other organisations repeating this research and would probably require external 
IT consultants to be appointed for such projects as the SMS. Nevertheless, not all the projects 
were IT-related and therefore could be transferred to other organisations, for instance the 
MBS could be adopted. Furthermore, the fact that the research deliverables have been adopted 
by the sponsor validates the results, if only from the company’s point of view. It is impossible 
to find a universally acceptable solution, but investigating an individual organisation’s 
problems in depth can at least help it to develop its own bespoke solution, even if these are 
only of potential relevance to other companies as their situations are somewhat different. 
Strategic insight is essential for organisation to continue to compete in a market that is 
constantly evolving (Johannessen and Olsen, 2003). Failure to capture these long-term lessons 
can eventually lead to poor performance. Process management and knowledge management 
are not money-making investments, they are money-saving investments. If a company invests 
in new sales people it might expect to see sales increase, but if it invests in process and 
knowledge management it might see an increase in productivity/profit if the implementation 
is successful. 
The different projects that have been worked on build on previous work of the authors 
referred to in this thesis. By building on the work of others, in addition to focussing in on one 
organisation, it has been possible to get a much deeper understanding of the critical success 
factors of process and knowledge management, specific to the organisation that, with further 
research could, yet yield further insight. 
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Andy Keelin Director    X      
Ben Cartmell Consultant   X       
Charles McBeath Director X         
Charlie Benson Director        X  
Charlie Tonkiss IT Manager    X      
Chris Doyle Associate          
Claire Jennings Team Secretary     X    X 
David Beresford Quality Manager    X      
David Worthington Graduate Engineer     X     
Eddie Jump Associate         X 
Ireo Ostacchini IT Developer  X X      X 
John Stapleton Process Manager    X X  X   
Julian Hakes Architect  X        
Kaval Patel Associate Director     X     
Lee Leston-Jones Director X         
Mark Boyle Associate         X 
Melissa English HR         X 
Mike Crane Managing Director       X   
Mike Hitchens Director   X X      
Mohsen Vaziri Director   X       
Nick Price Associate Director     X     
Nicola Christos HR         X 
Patricia Garcia Personal Assistant     X     
Paul Steen Senior Engineer     X     
Piers Greenan Associate Director     X     
Raf Hashim Finance Manager   X       
Richard McWilliams Process Manager X X  X  X    
Rod Holdsworth Director X         
Scott Steedman Director    X      
Seamus Maguire Director*        X  
Simon Groves Director       X X  
Steve Jordan Chief Financial Officer    X      
Terry Dobbins Director        X X 
* was an Associate 
 
 Task Group Review Sheet  
 
 57 
APPENDIX B TASK GROUP REVIEW SHEET 
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APPENDIX D KNOWLEDGE MANAGEMENT AUDIT 
 
Section 1: whitbybird company structure & communication strategy 
 
Q1 Have these diagrams been explained to you (are you at least aware of them)? (see email 
for link to diagrams) 
• 1 Yes: 33% 
• 2 No: 12% 
• 3 Aware: 49% 
• 4 Not Aware: 7% 
 
Q2 How effective is communication going up and down management levels? (1 poor going 
up and down, 2 better going up than down, 3 ok going up and down, 4 better down than up, 5 
excellent going up and down) 
• 1: 4% 
• 2: 28% 
• 3: 55% 
• 4: 12% 
• 5: 1% 
 
Q3 How effective is communication between different teams and disciplines? 
• 1 poor: 4% 
• 2 could be improved: 42% 
• 3 ok: 38% 
• 4 good: 16% 
• 5 excellent: 0% 
 
Q4 How do you think communication effectiveness at whitbybird could be improved? 
• technology based systems 
• formal (/structured) communications systems 
• Informal communication systems 
 
Section 2: whitbybird task groups 
 
Q5 How many task groups are you currently a member of? 
• a) none: 46% 
• b) one: 36% 
• c) two: 9% 
• d) three: 4% 
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• e) four or more: 5% 
 
Q6 Overall, what impact on the company do you think whitbybird task groups have? 
• 1 no impact: 1% 
• 2 little impact: 5% 
• 3 some impact: 55% 
• 4 significant impact: 36% 
• 5 fundamental to whitbybird: 3% 
 
Q7 How effective do you think task groups are at gathering knowledge and driving 
continuous improvement forward? 
• 1 not very: 5% 
• 2 could be improved: 29% 
• 3 ok: 63% 
• 4 extremely: 3% 
 
Q8 How do you think the task groups could be improved? 
• identifiable responsibilities 
• improved time allocation 
• monitoring 
 
Section 3: whitbybird online who’s who 
 
Q9 What do you most use the who’s who for? 
• 1 tel. no: 32% 
• 2 photos: 28% 
• 3 role&responsibility: 29% 
• 4 skills: 7% 
• 5 other: 5% 
 
Q10 In general, how useful do you think the skills part of the system is? 
• 1 not very: 22% 
• 2 could be improved: 26% 
• 3 of use: 45% 
• 4 critical to whitbybird: 7% 
 
Q11 How do you think the skills part of the system could be made more useful? 
• better search options 
• better updating 
 Knowledge Management Audit  
 
 61 
• better structured information 
 
Section 4: whitbybird online feedback system 
 
Q12 If you had a piece of feedback, what is the likelihood that you would log it on the online 
feedback system? 
• 1 extremely unlikely: 5% 
• 2 unlikely: 32% 
• 3 likely: 54% 
• 4 highly likely: 9% 
 
Q13 If you encountered a problem, would you automatically check the feedback system to see 
if the problem had been encountered before? 
• 1 extremely unlikely: 16% 
• 2 unlikely: 51% 
• 3 likely: 32% 
• 4 highly likely: 1% 
 
Q14 How easy is it to find relevant feedback items? 
• 1 difficult: 11% 
• 2 could be improved: 25% 
• 3 ok: 61% 
• 4 very easy: 4% 
 
Q15 In general, how useful do you find the information in the feedback system? 
• 1 no use: 5% 
• 2 little use: 36% 
• 3 of use: 59% 
• 4 extremely: 0% 
 
Q16 How do you think the feedback system could be improved? 
• instructions/guidelines needed 
• anonymous 
• better structure 
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APPENDIX E EDMS EVALUATION CRITERIA 
 
 
 
 
 EDMS Evaluation Criteria  
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APPENDIX F MANAGEMENT BRIEFING SHEET (PAPER 1) 
 
Full Reference 
 
Matsumoto, I.T., Stapleton, J., Glass, J. and Thorpe, T. (2005). Use of process maps to 
develop a management briefing sheet for a design consultancy. Engineering, Construction 
and Architectural Management, October 2005, Volume 12 Issue 5, pp 458-469. 
 
 
Abstract 
 
Purpose – Process mapping can lead to a more holistic understanding of how an organisation 
works. This paper seeks to discuss how an engineering design consultancy, which had 
developed a series of process maps on the design of steel frame buildings, developed a 
powerful management tool, the Management Briefing Sheet which has yielded numerous 
additional benefits enabling practice to be improved and quality procedures more easily 
accessed. 
 
Design/methodology/approach – To maximise the knowledge and expertise of its supply 
chain partners and to better understand how it designed steel-framed buildings, the 
engineering design consultancy undertook a process-mapping exercise. Various techniques 
for documenting the process were considered, but a modified IDEF notation was chosen for 
its ability to capture the iterative nature of the design process and its methodical approach for 
deconstructing complicated activities. 
 
Findings – Process-mapping exercises can change the way organisations work and make them 
more efficient, but to do this the changes that would lead to improvements need to be 
implemented successfully. Carrying out a process-mapping exercise in isolation from the end-
user can lead to complications. 
 
Research limitations/implications – The key obstacle to implementing change identified by 
the engineering design consultancy, with whom the MBS was developed, was delivering the 
knowledge acquired from the process analysis in a format that end-users could understand 
easily and adopt effectively. 
 
Originality/value – This article will be of significant use to any organisation wishing to 
maximise the knowledge and expertise of its supply chain partners and identify inefficient 
working practices. 
 
Keywords – Design management, Management activities, Quality control, Knowledge 
management systems 
 
Paper type – Research paper 
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1 INTRODUCTION 
To achieve integrated construction processes and teams, as recommended by Latham (1994), 
Egan (1998, 2002) and others, it is essential to have an integrated management process in 
place, which fosters understanding of each team’s or person’s role and the efficient 
delegation, coordination, execution and monitoring of tasks. To do this Latham (1994) 
focused on the different project stages and stressed the importance of the client in managing 
the project, bringing the team together and setting up interlocking contracts. Egan’s (1998) 
approach was to take a much broader view of the industry, focusing on the strategic benefits 
and issues of how companies should integrate and how this could be achieved. Further more, 
Egan made a number of points on leadership, client focus, team integration, quality and the 
importance of people in the later report “Accelerating Change" (Egan, 2002). 
 
Implementing their recommendations at the start of the project is especially important; where 
focus on the customer is imperative to ensure the functional design fulfils the client’s needs 
(Lee and Gilleard, 2002). The initial design stages are critical to a project’s overall success, as 
errors spotted early in the design process cost little to correct when compared with the cost if 
they are only identified when the project is being constructed (Burati et al., 1992; Love and 
Li, 2000). Once a project is on site, elements of the building may well have to be demolished 
and rebuilt, costing materials, person-hours and time to correct not to mention threats to 
health and safety during such “back tracking”. Thus, not spending an adequate amount of time 
on the early stages of the project can result in costly and potentially dangerous mistakes. 
 
Failures and errors in the design stage can be attributed in part to the growing size and 
complexity of construction projects and the fragmented nature of the construction industry. 
These different factors have resulted in a situation where each person is only ever responsible 
for part of the overall project. This makes it even more important that the production and 
exchange of the design information is carefully managed to ensure the efficient and successful 
delivery of a project (Hirematha and Skibniewski, 2004). 
 
Process maps can facilitate the management of projects, by breaking down complex processes 
from design through to construction into discrete activities that can then be more easily 
assigned and managed. However, process maps are not an end in themselves; it is the 
application of the knowledge acquired from the maps to projects that unlocks the efficiency, 
quality and cost gains. Simply presenting the end-user with a process map is not enough. To 
achieve real gains, careful consideration must be given to how the knowledge contained in the 
process maps is presented to the end-users (Winch and Carr, 2001). 
 
To read and interpret process maps with confidence will generally require some form of basic 
training, otherwise they are merely a meaningless collection of shapes, lines and text. It is 
therefore essential to work with end-users in developing a format that they can understand 
easily and apply in their day-to-day work. This paper demonstrates how the results of a recent 
process mapping exercise, at a leading UK engineering design consultancy, were used to 
create a practical one-page project management tool, the Management Briefing Sheet (MBS). 
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2 BACKGROUND TO THE MBS 
The engineering design consultancy with whom the MBS was developed was founded in 
1984 as a structural design consultancy. Over 20 years, it grew into a leading UK multi-
disciplinary design consultancy with over 300 employees and remains committed to 
continuously improve the quality and value of its designs and business processes. 
 
To maximise the knowledge and expertise of its supply chain partners and to better 
understand how it designed steel framed buildings, the engineering design consultancy 
undertook a process mapping exercise. Various techniques for documenting the process were 
considered (e.g. flow charts, relationships maps, cross-functional process maps, QPL and 
UML), but a modified IDEF notation was chosen for its ability to capture the iterative nature 
of the design process and its methodical approach for deconstructing complicated activities 
(Austin et al., 1999). 
 
Over a series of meetings the steel frame design process maps were developed, documenting 
both the technical and management activities undertaken by the consultancy at each stage of 
the project. The process maps were then compared to the Process Protocol/Process Protocol 2 
(Kagioglou et al., 1998a, b; Fleming et al., 2000) to identify any discrepancies between the 
activities documented and those in the Process Protocol. Other industry standard processes 
like the RIBA Plan of Work (Phillips, 2000) or the British Property Federation (BPF) Manual 
(BPF, 1983) could have been used. The RIBA Plan of Work (Phillips, 2000) was developed 
originally for architect-led projects and therefore has an architectural bias, the BPF Manual in 
contrast has a more client driven focus. It is therefore important to consider the perspective 
from which these standard process maps/frameworks were developed (Neale, 1984; Andres, 
1983). The perspective offered by the Process Protocol was the most appropriate due to its 
generic nature, the engineering input that went into its development, the detail offered by the 
work and its presentation format. 
 
Two reasons why the Process Protocol was not adopted in its entirety by the consultancy was 
because it covered activities with which the consultancy was not involved or responsible for, 
which diluted its relevance, and the activities documented were often too generic and did not 
cover their specific internal working procedures. To overcome the issue of dilution, it is 
possible to use technology driven systems like ADePT (Austin et al., 2000) and the Process 
Protocol Toolkit (Wu et al., 2000). These systems allow the user to create a bespoke process 
map by selecting specific activities relevant to a particular project from a predefined list. 
These systems, however, still do not cover specific internal working procedures of the design 
consultancy, such as establishing the “Checking Regime”, producing the “Monthly Team 
Quality Reports” and “Instruct Accounts: contract basis, fee arrangements, invoicing, 
staging”. It is therefore necessary to undertake bespoke process mapping exercises to capture 
these internal working practices. Two examples of organisations which have also chosen the 
bespoke route are the British Airports Authority (BAA) who developed the BAA Project 
Process (BAA, 1995) and AMEC who developed the AMEC Project Process (Vickery and 
Waskett, 1999). 
 
Following the completion of the steel frame design process maps, a number of focus group 
meetings were held to validate the maps and discuss their merits. Attending the meetings were 
a number of directors who immediately recognised their value, yet felt still more could be 
done to exploit them. The main obstacle to capitalising on the maps’ value identified by the 
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directors was presenting the information contained within them in a familiar format such that 
directors, managers and engineers could quickly understand and incorporate them into normal 
working practices. 
 
3 DEVELOPMENT OF THE MBS 
To capitalise on the steel frame design process maps that had been developed the concept of 
an MBS was conceived, to summarise (in an easily understandable manner) the management 
activities identified in the process maps. The purpose of the MBS was to improve the quality 
and effectiveness of design management processes by codifying the key stages and activities 
and communicating this knowledge about what activities need to be undertaken and when, 
across the organisation. To achieve this, four objectives were identified by the directors; that 
the MBS should: 
1. identify, document and present the key project management activities that need to be 
undertaken at each stage of a construction project; 
2. be a practical self-contained document that enables project directors and managers to 
identify essential management activities in order to effectively plan and monitor their 
completion; 
3. be easy to understand, adopt and integrate with the standard working practices adding 
value at each stage of the project, to the project team undertaking the activities, the 
directors managing the project, and the organisation’s quality procedures; and 
4. enable best practice to be captured in order that it can be used as a benchmark for 
continuous improvement. 
 
Once the MBS objectives were approved by the operational board of directors, a technical 
task group (TG) was established to further develop the MBS. The preferred set up was to have 
a small group of experienced project directors and managers, to facilitate co-ordinating, 
arranging and managing meetings. The following criteria were therefore developed to select 
the TG members, their having to be: 
• committed to the idea of an MBS and see the benefits of such sheets; 
• experienced project managers with a wide range of project experience; and 
• in a position to disseminate, promote and ensure the MBS was used. 
 
The final TG, of end-users, comprised three directors and one manager. A group of four is the 
minimum recommended size for a focus group, 6 to 8 being optimal and 12 the maximum 
(Morgan, 1997). However, the combined experience and enthusiasm of the group more than 
compensated for the low number. Over a series of meetings, the TG’s personal views and 
experiences were extracted using techniques suggested by Morgan (1997), which included 
focusing the group on achieving specific objectives and using pre-prepared open questions to 
stimulate discussion. The output from the meetings was used to develop and refine the MBS’s 
content and format. Allowing the format and content to evolve incrementally was seen as 
fundamental to ensuring the TG bought into and took ownership of the MBS. In addition, 
gradually letting the TG tailor the MBS greatly increased its overall value by constantly 
realigning the output to better meet the needs of the organisation’s end-users, project directors 
and managers. 
 
By the end of the project, the MBS had developed via ten content revisions and four format 
evolutions. Each revision and evolution was based on the outcomes of the TG meetings, 
where different aspects of the MBS were discussed and reviewed. Before each TG meeting 
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the latest version of the MBS was circulated with the agenda. Although an agenda was set, 
which added a structure to the meeting to ensure key issues and decisions were discussed in 
addition to raising other issues surrounding the MBS that they felt were important, within a 
less structured discussion format. At the end of each meeting, the decisions made were 
summarised and an action list drawn up. 
 
3.1 1ST EVOLUTION 
The initial MBS content was obtained by extracting the management activities from the steel-
frame design process maps which were typically undertaken by the design consultancy. These 
activities were then grouped into six MBS checklists, according to the project stage in which 
they would be undertaken: 
1. Fee proposal/submission. 
2. Feasibility/planning. 
3. Outline proposal. 
4. Detailed proposal tender/production information. 
5. Construction. 
6. Completion. 
 
A checklist format was adopted from the start for two reasons; first, it was a familiar format in 
which to present information, and second, for its practical application on projects. Also 
extracted from the steel frame design process maps and listed at the bottom of each MBS 
project stage sheet was a list of relevant internal information sources, which included quality 
procedures, forms and templates (see Figure 1). 
 
The content of the six MBS checklists were reviewed over a three meetings, resulting in a 
number of management activities being added to and deleted from the different stages. 
 
3.2 2ND EVOLUTION 
Following the first evolution, the TG observed that a number of activities such as updating the 
“Project Quality Plan”, “Risk Register” and “Job Management System” recurred across 
different stages of the project. This pattern can also be seen in the Process Protocol 
(Kagioglou et al., 1998a, b) and was identified by the TG as a potential risk. One reason why 
activities recur across different stages of a project is to allow further detail to be assimilated 
into the decision-making process or technical design. Not recognising that an activity recurs 
across different stages of the project can lead to too much effort being put into the activity 
when it is first encountered, which is then superseded by the next stage as further information 
is made available resulting in abortive work (Conroy and Soltan, 1997; Moreau and Back, 
2000). In order to highlight this repetition to the user, the various management activities for 
each stage were consolidated onto one sheet. This was achieved by using a key to illustrate at 
what stage each activity should be undertaken. 
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Figure 1. The MBS 4 format evolution 
 
The resulting single page MBS offered a concise representation of the management activities, 
thus reducing the amount of information the user had to consult. However, amalgamating the 
five project stage sheets meant that the order in which the activities were listed had to be 
changed. This was because when the activities were on individual stage sheets they were 
listed in order of priority rather than the order in which they would be undertaken. The 
amalgamation also resulted in an additional information section being removed, as too much 
information was being listed that did not relate to a specific activity or project stage. 
 
3.3 3RD EVOLUTION 
Deleting the list of additional information sources immediately led to the TG discussing how 
this could be meaningfully reintroduced. Specific emphasis was placed on creating a link 
between activities and quality procedures to enable users to find further documentation on 
each activity if they were unsure what was required. Following these discussions, the quality 
procedures and each activity were reviewed. The various forms, templates and worked 
examples contained within the quality procedures relating to each activity were also drawn 
out and summarised on the MBS using their quality procedure reference numbers. The 
reference numbers also served as hyperlinks, which would take the user directly to the quality 
procedure, blank form, template or worked example on the company intranet. 
 
The addition of the worked examples created the opportunity to establish a list of best practice 
examples, which in turn could be used to ensure this was shared and continually updated. 
 
3.4 4TH EVOLUTION 
With fewer modifications being made to the format and content of the MBS at each TG 
meeting, its format was brought into line with the standard corporate layout and branding. At 
this point, the quality manager attended meetings to validate and comment on the content. 
 
4 THE MBS 
The resulting one-page MBS checklist summarised the main management activities identified 
by the TG. The MBS has three distinct functional columns (see Figure 2). The first column, 
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on the left, identifies the various stages of the project and the activities that need to be 
addressed/completed by the end of each project stage. The second column, in the centre, lists 
the key management activities. The third column, on the right, identifies the relevant quality 
procedures, forms, templates and work examples associated with each management activity. 
 
The MBS can be used on projects in two ways. It can either be printed and used as a paper-
based document, or viewed online as a digital document. The paper-based document can be 
used at the start of a project as an agenda to assign activities among the team, or at the end of 
a project stage as a checklist to ensure all necessary activities of each stage have been 
completed. The digital document can be used at any point in the project by directors, 
managers and engineers who require further information on a particular activity by using the 
hyperlinks to access relevant quality procedures or worked examples. 
 
 
Figure 2. Graphical illustration of the management briefing sheet (MBS) 
 
To use the MBS, the user first identifies the current project stage, in Column 1 (loosely based 
on the RIBA project stages) (Phillips, 2000). The user can then check which activities need to 
be completed by the end of a particular project stage based on the symbols ( 
Initiate/undertake,  Update/review,  Sign off/complete or  Review) which appear in the 
appropriate stage column. The user can then see immediately which quality procedures, forms 
and templates should be used. These are indicated by their quality reference numbers, and 
hyperlinks are provided where necessary to the relevant quality procedures, forms, templates 
and worked examples associated with the activity. 
 
 Management Briefing Sheet (Paper 1)  
 
 71 
For example, the project in hand might be at the end of the “Feasibility/Planning” stage. It is 
therefore necessary to check what documents need to be in place or “Sign off/Complete” 
(indicated by a ) by the end of the “Feasibility/Planning” stage. By looking at the 
appropriate stage column, the manager would therefore see that the “Scope of Service” (MBS 
Ref 11) needs to be signed off and forms F21.1, F21.2, F21.3, F21.4 associated with the 
activity need to have been completed and that further detail relating to the activity can be 
found in the quality procedure EDM5.6. 
 
5 MBS USAGE 
Introducing the MBS into active projects proved to be a lengthier process than initially 
anticipated. First, the MBS had to be reviewed and approved by the quality task group. Once 
approved, the MBS was introduced to the directors and managers at several monthly 
management meetings. In addition to the management meetings, the MBS was introduced to 
engineers at various technical meetings where project information sources were reviewed. 
 
Following the full implementation of the MBS, users were asked to supply best practice 
examples, and feedback on the format and content. Responses to these requests were limited, 
which raised some concerns about the MBS’s adoption. However, the TG was not overly 
concerned by the limited feedback as they had developed a much broader and longer-term 
view of the MBS’s use within the consultancy: 
• as a training tool explaining the various management activities that need to be undertaken 
at each stage of the project and the associated quality procedures that need to be adhered to 
with new project managers; 
• as a tool for placing the tasks, engineers are asked to complete by managers, into the wider 
project context and as a guide to the appropriate level of detail required by each task using 
the examples as the benchmark; and 
• as a quality management tool for ensuring all management activities are documented in the 
quality procedures. 
 
Even though the TG was confident the MBS would eventually achieve these longer-term 
benefits, the group explored two alternative approaches to increase its use. The first approach 
was to make its use on projects compulsory. This was, however, dismissed because the MBS 
could be perceived as an additional burden on project managers’ workload. The second 
approach explored was an indirect educational/training initiative. This was the preferred 
approach to help increase the MBS’s use on projects as it highlighted its benefits and practical 
utility to the end-user. 
 
The value attached to the MBS by different directors and managers, who were not on the TG, 
varied considerably. Some thought it was extremely useful, others that it did not tell them 
anything they did not already know and were not already undertaking. The argument 
presented to those with the later view was that for experienced managers the MBS did not 
present anything new, but what it did do was save time reinventing the same checklist on 
every project, clearly setting out the different forms and templates that need to be in place at 
each stage of the project and giving a set of links to best practice examples that they could use 
a starting point on their own projects, which they all accepted. 
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6 ANALYSIS AND INTERPRETATION 
The involvement of senior directors on the TG was critical to the MBS’s success. Their active 
participation in the development of the MBS’s allowed them to tailor the content and format 
to ensure the final output met the project’s objectives and the consultancy’s needs. Allowing 
the TG to tailor the MBS also enabled them to develop their own views of how it could be 
used, and its benefits. This made it considerably easier for them to present the MBS to the 
consultancy and ensure its use. 
 
The initial identification of the organisation’s design management activities and subsequent 
development of the MBS revealed a range of opportunities to better identify, present, monitor 
and control the organisation’s project design management processes and quality procedures. 
Summarising the key project management activities on one page, and establishing a link 
between the activities and relevant quality procedures effectively created a map/index that 
could be used quickly to find further details about specific activities. Using a checklist format 
and specifying when each activity should be undertaken effectively established a timeline of 
when activities need to be completed, creating a standard framework within which project 
management activities could be monitored. 
 
The link established between management activities and quality procedures also vastly 
improved the control that the quality manager and quality task group could exercise on the 
addition, removal and refinement of quality procedures. Management activities that were not 
documented in the quality procedures could be quickly identified and documented; 
conversely, management activities that had duplicate documentation could be removed. 
 
A further opportunity created by the MBS was its ability to be used as a framework for 
continuous improvement. By having a collection of best practice examples setting out the 
organisational benchmark for the quality and detail required by each document associated 
with a management activity, enables users to submit their work for review if the work was 
better than a particular example, or was not covered by current examples. If approved, their 
work would supersede the current best practice example or simply be added. 
 
7 RECOMMENDATIONS AND IMPROVEMENTS 
To create a more dynamic and interactive system the TG immediately recognised the benefit 
of delivering the MBS to the users on the corporate intranet as a web enabled system. This 
would allow all projects to have their own dedicated MBS web pages. Based on the total 
number of activities ticked off, as complete on a project, the system could automatically 
produce a range of management reports and performance indicators. In addition, the system 
could be set up to automatically open the projects’ specific forms and templates, in the same 
way blank forms and templates are accessed using hyperlinks. Having the system online also 
ensured that when new procedures, forms and templates and worked examples were added, 
they would immediately be relayed to all live MBS web pages. 
Delivering the MBS as a web enabled database system also created a framework that could be 
extended further to include technical activities. The MBS focussed on the management 
activities that need to be undertaken by project directors and managers, but two further levels 
of detail could be added to support the wider engineering project team (see Figure 3). 
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Figure 3. Three levels of briefing sheets 
 
The first additional level of detail, the Activity Briefing Sheet (ABS), would supplement the 
management activities listed on the MBS with the different technical activities that need to be 
undertaken at each stages of the project by the manager, senior engineers and engineers such 
as producing a framing options report, load take down or secondary structure design. 
 
The second level of the detail, the Technical Briefing Sheets (TBS), would add further detail 
by breaking down the technical activities set out in the ABS, to support senior engineers, 
engineers and graduate engineers undertaking these activities. Each TBS would list the 
necessary inputs to undertake a specific design task, the different technical methods that could 
be used, and a checklist of steps for each technical method. The technical steps are to create a 
framework within which the user can undertake/layout their calculations, but details such as 
formulae, design guides, British Standards would not be copied, but referenced as hyperlinks. 
So if new design guides or BS codes are issued, the hyperlinks can be updated quickly and 
easily. 
 
Using hyperlinks to direct the user to more in depth information allows those who understand 
what is required by a specific activity to mark it off as completed without being overloaded 
with information and those who require further detail/assistance to use the hyperlinks. 
 
8 CONCLUSION 
Process mapping exercises can change the way organisations work and make them more 
efficient, but to do this the changes that would lead to improvements need to be implemented 
successfully. Carrying out a process mapping exercise in isolation from the end-user can lead 
to complications. The key obstacle to implementing change identified by the engineering 
design consultancy, with whom the MBS was developed, was delivering the knowledge 
acquired from the process analysis in a format that end-users could understand easily and 
adopt effectively. 
 
Working with the engineering design consultancy’s project directors and managers, the end-
users, to tailor the MBS’s format and content was fundamental to its success. The result was a 
powerful management tool that project directors and managers felt comfortable using and 
have since adopted. The benefit of this approach for the consultancy is: 
• a concise document setting out the different management activities that it needs to 
undertake, allowing project directors and managers to better plan, monitor and manage 
their projects; 
• a link to additional information sources related to each activity; 
• a framework for collecting and sharing best practice examples allowing continuous 
improvement and knowledge capture to be continuously measured for improvement; and 
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• a matrix to conduct a gap analysis between management activities and quality procedure 
coverage. 
 
Significant amounts of work have gone into developing standardised processes such as the 
Process Protocol and the RIBA Plan of Work that encompass the whole industry and these 
have yielded numerous benefits for the industry has a whole. However, to achieve the full 
benefit and value from this work it is essential that the knowledge acquired, from such 
process maps, is presented to its intended end-users in a meaningful format. Therefore, getting 
end-users involved in how this information is presented is critical to producing a 
document/tool that can be easily understood, adopted and is compatible with everyday 
working practices. 
 
Successfully changing the way an organization operates takes time. This is due to a number of 
factors including the iterative nature of developing and refining workable solutions. 
Fundamental to the success of any change is the commitment and participation of the end-
users in developing the solutions. This ensures that a solution fits the way they work and in 
turn assures their commitment to implement the solution. 
 
9 REFERENCES 
Andres, J. (1983), “The age of the client”, Architects Journal, 13 July, pp. 32-3. 
Austin, S.A., Baldwin, A.N., Baizham, L. and Waskett, P.R. (2000), “Integrating design in the 
project process”, Proceedings of the ICE: Civil Engineering, Vol. 138 No. 4, pp. 177-82. 
Austin, S., Baldwin, A., Li, B. and Waskett, P. (1999), “Analytical design planning technique: 
a model of the detailed building design process”, Design Studies, Vol. 20 No. 2, pp. 279-
96. 
BAA (1995), “The project process: a guide to the BAA project process”, internal publication, 
British Airport Authority Plc, London. 
BPF (1983), Manual of the BPF System: The British Property Federation System for Building 
Design and Construction, British Property Federation, London. 
Burati, J.L., Farrington, J.J. and Ledbetter, W.B. (1992), “Causes of quality deviations in 
design and construction”, Journal of Construction Engineering and Management, Vol. 118 
No. 1, ASCE, pp. 34-49. 
Conroy, G. and Soltan, H. (1997), “ConSERV: a methodology for managing multi-
disciplinary engineering design projects”, International Journal of Project Management, 
Vol. 15 No. 2, pp. 121-32. 
Egan, J. (1998), Rethinking Construction: The Report of the Construction Task Force, DETR, 
HMSO, London. 
Egan, J. (2002), “Accelerating change: a report by the Strategic Forum for Construction 
chaired by Sir John Egan”, Rethinking Construction, London. 
Fleming, A., Lee, A., Cooper, R. and Aouad, G. (2000), “The development of a process-
mapping methodology for The Process Protocol Level 2”, paper presented at the 3rd 
European Conference on Product and Process Modelling in the Building and Related 
Industries, Lisbon. 
 Management Briefing Sheet (Paper 1)  
 
 75 
Hirematha, H.R. and Skibniewski, M.J. (2004), “Object-oriented modelling of construction 
processes-modelling language”, Automation in Construction, Vol. 13 No. 2, pp. 447-68. 
Kagioglou, M., Cooper, R., Aouad, G., Hinks, J. and Sheath, D. (1998a), “A generic guide to 
the design and construction process protocol”, University of Salford, Salford. 
Kagioglou, M., Cooper, R., Aouad, G., Hinks, J., Sexton, M. and Sheath, D. (1998b), “Final 
report: generic design and construction process protocol”, University of Salford, Salford. 
Latham, M. (1994), “Constructing the team: final report of the government/industry review of 
procurement and contractual arrangements in the UK construction industry”, DETR, 
HMSO, London. 
Lee, Y.C. and Gilleard, J.D. (2002), “Collaborative design: a process model for 
refurbishment”, Automation in Construction, Vol. 11 No. 3, pp. 535-44. 
Love, P.E.D. and Li, H. (2000), “Quantifying the causes and cost of rework in construction”, 
Construction Management and Economics, Vol. 18 No. 4, pp. 479-90. 
Moreau, K.A. and Back, W.E. (2000), “Improving the design process with information 
management”, Automation in Construction, Vol. 10 No. 1, pp. 127-40. 
Morgan, D.L. (1997), Focus Groups as Qualitative Research, Sage, London. 
Neale, R.H. (1984), “Book reviews”, Building Technology and Management, April, p. 33. 
Phillips, R. (2000), The Architect’s Plan of Work, RIBA Publications, London. 
Vickery, O. and Waskett, P. (1999), “A framework for improving quality in construction 
through the implementation of structured project process”, Proceedings of CIBSE 
Conference, Harrogate. 
Winch, G.M. and Carr, B. (2001), “Processes, maps and protocols: understanding the shape of 
the construction process”, Construction Management and Economics, Vol. 19 No. 5, pp. 
519-31. 
Wu, S., Lee, A., Aouad, G. and Cooper, R. (2000), “Process protocol toolkit: an IT solution 
for process protocol”, paper presented at the 3rd European Conference on Product and 
Process Modelling in the Building and Related Industries, Lisbon. 
 
A structured approach to improving organisational knowledge, business processes and 
management systems 
76 
APPENDIX G TEAMWORK KNOWLEDGE CAPTURE 
REPORT (PAPER 2) 
 
Full Reference 
 
Matsumoto, I.T., Stapleton, J., Glass, J. and Thorpe, T. (2005). A knowledge-capture report 
for multidisciplinary design environments. Journal of Knowledge Management, June 2005, 
Volume 9 Issue 3, pp 83-92. 
 
 
Abstract 
 
Purpose – Organisations must continually innovate to remain competitive. A by-product of 
innovation is new knowledge. In a knowledge economy, an organisation’s ability to manage 
its knowledge can mean the difference between commercial success and failure. A key aspect 
of being able to manage knowledge is the ability to identify and capture it. This paper aims to 
present the development of the knowledge-capture report (KCR) and the results of its use at 
the third TeamWork demonstration event for collaborative working. 
 
Design/methodology/approach – Quantifying the number of discrete pieces of knowledge 
captured in the KCR and categorising the type and quantity of knowledge captured 
demonstrate the practicality and effectiveness of the KCR in a dynamic multidisciplinary 
design team environment. 
 
Findings – The different approaches that were observed and adopted by the participants using 
the KCR highlight a number of key issues that need to be considered when attempting to 
capture knowledge in a constantly evolving design environment. 
 
Originality/value – The use of the KCR by a wide range of industry practitioners 
demonstrates a quick, effective and low-cost approach to capturing project knowledge and 
events. It could be adopted easily by the engineering and construction (AEC) industry as an 
entry point to managing knowledge, particularly in complex, multi-disciplinary design 
environments. 
 
Keywords – Knowledge management, Innovation, Project management, Research methods 
 
Paper type – Case study 
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1 INTRODUCTION 
Commercial pressures have stimulated and fuelled the growth of knowledge management. A 
company’s ability to exploit its collective knowledge can mean the difference between 
commercial success and failure (Nonaka and Takeuchi, 1995). In today’s knowledge 
economy, knowledge is increasingly being considered as an asset that needs to be effectively 
managed to create added wealth. 
 
Within the architecture, engineering and construction (AEC) industry, companies recognise 
they can no longer afford to reinvent the wheel, and thus must learn to better capture the 
knowledge accrued on projects to improve the quality and effectiveness of future projects 
(Egan, 1998). 
 
Every construction project is unique with its own problems. Ideally, by carefully identifying 
potential problems at the planning and design stage of a project, preventive measures can be 
put in place. Once a problem occurs, it is the responsibility of the project team to resolve it in 
a quick and efficient manner. To do this, an experienced project team reflects on its past-
experiences, seeking comparable problems and solutions to the current project. Some 
problems might be common to particular types of projects and the same solution can therefore 
be reused. However, when unique problems arise, it is the ability to combine and modify 
other solutions, to create new solutions for unique problems, that makes an experienced 
project team so valuable (Fong, 2003). A key factor that affects problem solving is the 
individuals’ or the project teams’ experience/knowledge (Salter and Gann, 2003). From this it 
is clear that knowledge is built-up over time and therefore represents a considerable 
investment. 
 
Traditionally, knowledge was transferred from one generation of engineers to the next over a 
period of time (Modesitt, 1992). However, for a number of reasons such means of knowledge 
transfer need to be reconsidered. For example, the declining number of graduates on 
engineering courses and the ageing engineering community (Construction Industry Training 
Board, 2002; Egan, 2002; Fairclough, 2002) renders traditional organisational learning cycles 
ineffective at transferring knowledge and results in an organisational ‘‘brain drain’’. The 
short-term nature of contracts and mobile/transient project teams often means that knowledge 
is lost when people move company or contract (Kasvi et al., 2003). In addition, knowledge 
management has already been identified by a number of reports within the AEC industry as a 
vehicle for better project efficiency and innovation (Egan, 1998, 2002). 
 
To address these issues effective tools that can be integrated with the design process are 
needed to capture and learn from the knowledge generated on projects. Virtual First, the 
TeamWork event organisers, approach was to produce a knowledge-capture report (KCR) that 
could easily be integrated into the design process and enable the project teams to capture key 
events, decisions and design details. The amount of detail and type of knowledge captured by 
the KCR drew directly from the success of the knowledge-capture form (KCF) that it had 
previously developed and used (TeamWork, 2001). Virtual First’s approach was then put to 
the test by the multidisciplinary design teams participating in the Teamwork event, who were 
tasked with designing and building various projects in a virtual environment. 
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This paper describes the development of the KCR, the report’s approach to capturing 
knowledge and presents the results of its use in the third TeamWork event organized by 
Virtual First. Two key questions, were initially addressed in developing the KCR: 
1. What constitutes knowledge and knowledge management? 
2. How can knowledge be captured effectively? 
 
2 KNOWLEDGE AND KNOWLEDGE MANAGEMENT 
Knowledge creation is an ongoing process derived from a cycle of socialising, externalisation, 
combination and internalisation (Nonaka and Takeuchi, 1995). Knowledge management 
supports the creation process by putting in place processes, or mechanisms, to: identify, 
capture and leverage knowledge (Manasco, 1996). In order to do this it is essential to identify 
what knowledge should be captured, why it is of value, how can it be captured, how can it be 
stored, how can it be retrieved, and how will it be used. Defining the aims of the knowledge 
management initiative by answering these questions increases the initiative’s overall chances 
of success (McCampbell et al., 1999). 
 
The identification of knowledge, however, is not straightforward. According to Nonaka and 
Takeuchi (1995) there are two forms of knowledge: ‘‘explicit’’ and ‘‘tacit’’. Snowden (1998) 
illustrates the difference between the two with the following example: 
 
The map [information] is an artefact created by explicit knowledge and provides a series of 
routes and options that can be taken for a journey. The guide can use the map but also use the 
tacit knowledge which he/she possesses. However, a client could challenge the received 
wisdom of the guide through ‘‘curiosity and naivety’’ which may lead to the discovery of a 
new route. 
 
Ward’s (1998) list of knowledge sources further illustrates Nonaka and Takeuchi’s (1995) 
two forms of knowledge: Presentations, reports, journals, databanks, manuals and training 
materials being examples of ‘‘explicit’’ knowledge; and individual ability, memory, know-
how, experience, teams, and networks examples of ‘‘tacit’’ knowledge. However, Bollinger 
and Smith’s (2001) definition of knowledge as: ‘‘the understanding, awareness, or familiarity 
acquired through study, investigation, observation, or experience over the course of time’’ 
which is personal to an individual, would regard Ward’s (1998) explicit list as information. 
 
The concept of a knowledge creation cycle and the contrasting definitions of what knowledge 
is, results in a vague definition making it difficult to distinguish between knowledge and 
information, illustrating why the identification of knowledge is not straightforward. The 
practical implication of this is that to identify knowledge it must be recognised that 
knowledge can manifest itself in many different forms, sources and locations. 
 
Having identified the nature and location of the knowledge sought, consideration should then 
be given to capturing it. Garza and Ibbs (1992) outlined four knowledge-acquisition 
techniques, each suited to capturing different types of knowledge: 
1. Analysis of the public domain knowledge: allows the knowledge capturer to familiarise 
himself/herself with the current thoughts on a particular subject. 
2. Interviews: these can be unstructured or structured. The advantage of unstructured 
interviews is that they allow the knowledge holder (the person being interviewed) to 
explain freely what they feel are key elements in their work that if missed or not given 
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attention, will affect the end result. Such information can then be refined and probed 
further with structured interviews. The disadvantage of unstructured interviews is that the 
knowledge holder may digress from the problem being addressed. 
The opposite is the case for structured interviews, however, the disadvantage is that 
important points are not covered due to the way the interview is structured. The advantage 
is that the points that the knowledge capturer (the interviewer) wants to address are 
covered. 
An important point to bear in mind with interviews is that ‘‘Uncued recall of something 
that has never been specifically memorised is notoriously bad. A classic example of this is 
remembering the design on the back of a coin – hardly anyone can produce anything more 
than a rough idea of it, even though they have seen the design hundreds of time and could 
recognise the correct design instantly’’ (Welbank, 1983). 
3. Observation: these techniques can be broken down into four categories: observation of 
familiar tasks; observation of tasks with limited information; observation of tasks with 
constrained processing; observation of specific tasks. The first category offers the most 
freedom to the knowledge holder to perform the task but this might not be that interesting 
to the knowledge capturer as it may mean re-visiting routine tasks that are already 
documented. Observation of tasks with limited information places some restriction on the 
knowledge holder, to prompt some form of response/assumption. Processes can then be 
restricted to see what is important by the sequence of decisions made. The final 
observation technique of specific tasks would include tasks like emergency procedures, 
that might never occur, but where it is critical to know the outcome. 
4. Induction: allows governing rules and gaps in existing rules to be identified by the 
analysis of case studies. By documenting the factors that result in different outcomes, 
governing rules can be developed. For example, if one house was built with foundations 
and a second without, if the house without foundation collapsed, the governing rule could 
be: houses with no foundations collapse. However, if further cases were examined 
gaps/flaws in the governing rules might be identified which would require the rule to be 
reassessed and further factors that influence the outcome to be analysed. A disadvantage 
with this approach is the difficulty in detecting subtle differences between the case studies 
and how these affect the rules. 
 
3 BACKGROUND TO VIRTUAL FIRST AND THE 
TEAMWORK EVENTS 
Virtual First is a government and industry sponsored educational initiative. Its mission is ‘‘to 
provide an education focus for the construction and facilities management industries to 
deliver built facilities which meet client needs through effective team working across all 
design, construction and operation activities, using IT for virtual prototyping . . . to build 
before we build, to occupy before we’ve built’’ (TeamWork, 2002). 
 
The TeamWork events organised by Virtual First offer the participants, ranging from 
architects, to engineers, to fabricators, to suppliers, a unique opportunity to work in teams to 
realise the virtual construction of a number of buildings. The virtual construction projects 
allow the teams to test and develop new collaborative processes and innovative design 
concepts, effectively ‘‘learning by doing’’ (TeamWork, 2000; Nonaka and Takeuchi, 1995). 
To date, the events have explored a number of issues such as: the single building model, 
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supply chain integration and multidisciplinary collaboration (respectively, TeamWork, 2000, 
2001, 2002). 
 
For each event, a record of the achievements, lessons learned and recommendations is 
produced by Virtual First. Their approach to capturing this information and knowledge has 
evolved with the growing size and scope of each event. 
 
The first TeamWork event required no formal knowledge capture due to there being only 29 
participants, nine of whom were from Virtual First. However, the substantial increase in the 
number of participants to 57 (ten of whom were from Virtual First) coupled with the fact that 
the Virtual First team was not going to be actively involved with any project work required a 
practical and effective knowledge capture methodology to be developed for the second event. 
 
The approach adopted by Virtual First for the second TeamWork event was to create a 
knowledge capture team consisting of five knowledge reporters. The team was responsible for 
capturing and documenting events, data, information and knowledge created in the 
development of the virtual design and construction of a north London secondary school, as 
these arose throughout the event. 
 
To help with the capture process, a KCF was developed. This contained five items of 
information: discipline area/subject heading, date/time of the event captured, reporter’s name, 
interviewee’s name and the description/notes of the event which generally also included a 
screen shot. The description and screen shot conveyed the interviewees’ interpretation of what 
he/she was doing and its importance (see Figure 1). 
 
Virtual First’s use of the KCF enabled sufficient knowledge to be captured to prepare the 
presentation on the last day of the event and produce the second TeamWork (2001) report. 
The success of the KCF demonstrated the feasibility of the form as a method for ‘‘capturing 
knowledge’’. The main conclusion of the report concerning the KCF was that although it 
successfully achieved its objectives, it could be further improved before the third event by 
addressing the following weaknesses: 
• the reliance on knowledge reporters: relying on reporters to be in the right place, at the 
right time, to capture events, meant that important events were possibly missed; 
• the number of knowledge reporters limited the total number of events that could be 
captured; and, 
• the subjective decision of the knowledge reporter as to what he/she chose and chose not to 
capture meant that certain events were unfortunately overlooked by the reporters. 
 
 
Figure 1 Example of a KCF entry 
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4 THE KCR 
To address the weaknesses identified with the KCF in the second TeamWork event and 
ensure sufficient knowledge was captured in a consistent manner, the knowledge capture team 
revised the KCF and developed the KCR for use at the third event. 
 
To increase the capture of useful knowledge in a consistent manner the KCR included 
additional elements; for example the concept, scheme and detailed design options sections. 
One of the reasons for adding new sections was to support teams in capturing their own 
knowledge, to ensure a range of knowledge accrued on their projects was captured and reduce 
the risk of good quality information being overlooked. 
 
The KCR contained eight sections: 
• Section 1: project team and project summary information. Documented the team members, 
contact addresses, their roles, an overview of the team’s project and their objectives for the 
event. 
• Section 2: technical information and technical interaction. Listed the different computer 
software applications used by the team, what they were being used for, and any interaction 
that took place between them. 
• Section 3: team interaction. Reported the communication/interaction that took place both 
internally and externally to the team. 
• Section 4: project specification. Developed at the start of the event by each team set out the 
desired functional design criteria. This was used subsequently at the end of the event to 
measure how well the final design met the original design criteria. 
• Sections 5-7: concept, scheme and detailed design options considered. Captured options 
considered at different stages of the projects development and the reasoning behind the 
preferred design option. 
• Section 8: additional information. Allowed the team to capture/highlight any additional key 
events, issues and design features that they felt were important to the project. 
 
The key purpose of the KCR was to capture knowledge and information, to enable problems 
and solutions, and key lessons and events, to be documented in a consistent format. This 
would then allow external team members and observers to browse through the KCR and 
understand at a glance each team’s projects, the events that formed the project, and any other 
additional information relevant to the project. The Virtual First team reviewed all the KCRs 
and presentations when bringing together the experiences and lessons learned for the final 
TeamWork report. 
 
To help the teams understand how the KCR should be used, a blank report was filled in with 
the information and knowledge captured from the first two events. The background, 
importance and purpose of the KCR, and how the KCR would help the teams through the 
event were discussed with each team at a series of meetings arranged by Virtual First. Teams 
were also advised on how to approach the knowledge capture process, and given the incentive 
of winning the TeamWork knowledge capture prize. The two main pieces of advice given 
were to: 
1. appoint one of the team as a knowledge reporter, responsible for completing the KCR; and 
2. capture information and knowledge as it happened and on a regular basis. 
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5 ANALYSIS AND DISCUSSION OF THE KCR’S USAGE 
Altogether, 47 industry practitioners from a range of disciplines in the AEC industry 
participated in the third TeamWork event. They were divided into six teams of approximately 
equal size. Each adopted a different methodology within the overall framework of the KCR to 
capture what they were doing and complete the knowledge capture exercise. 
 
Teams A and B used the KCR as intended, completing nearly all the sections. Team A, put 
more emphasis on the overall development of the project and created an extensive storyboard 
containing 54 images of the project development (see Figure 2). Team B placed more 
emphasis on the different options explored and additional features considered by the team. 
 
 
Figure 2 Extract from team A’s project summary information KCR section 
 
Teams C and D used the KCR as a starting point and supplemented it with additional sections 
and reports to capture greater detail. Team C did this by expanding the KCR, creating a new 
section (whole life cost model, environmental design and process and sustainability) and 
using certain sections as repositories for technical data and information. Team D 
supplemented the KCR with detailed reports on specific elements of the project (one of which 
detailed the progress of different elements of the buildings structural designs and another 
detailed the effect of collaborative working). 
Teams E and F only partially used the KCR, waiting until the end of the event to produce 
polished presentations detailing what they had achieved. 
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To further examine and quantify the success of the knowledge capture exercise by each team, 
the completion of the different sections of the KCR, non-KCR reports and the teams’ final 
presentation were tabulated and assessed against a basic marking system (see Table I). 
 
6 OBSERVATIONS AND LESSONS LEARNED 
The total mark for each of the teams in Table I further highlights the variation in the overall 
extent of the knowledge capture and the success of the different KCR sections. These 
variations can be attributed to a number of factors. 
 
Although it was suggested at the start of the event that each team appoint a knowledge 
reporter, actively encouraging all team members to be responsible for capturing what they 
were doing was found to be a more successful approach. By involving the whole team, a 
much broader overview of their work was captured. 
 
The next key factor determining the team’s knowledge capture success, was their ability to 
integrate the knowledge capture activity with their project process. The teams that saw the 
capture activity as an integral part of the project process and updated the KCR regularly made 
the activity seem effortless. An additional benefit of this approach was the projects’ 
development being tracked in real time and could thus be used to overcome the issue of 
engineers not being easily able to describe where they were in the design process; an issue 
identified previously in the TeamWork 2001 event (TeamWork, 2001). 
 
Variation in the usage of the different KCR sections appeared to be based on the type of 
information that the participants needed to capture. The KCR captured two types of 
information. The ‘‘Form information’’ sections of the KCR were the more successful of the 
two, capturing concise factual information (e.g. name, telephone number, email address) 
which required little effort to complete. In contrast, ‘‘Free information’’ sections were less 
restrictive and left to the user to decide what knowledge they should capture and how much 
detail they should go into. Although the ‘‘Free information’’ sections were used the least they 
were the more valuable to the teams that completed these sections, and likewise to the Virtual 
First team in reporting the teams’ activities. The value of the ‘‘free information’’ was that it 
documented the evolution of the design and the project. How a solution is developed/derived 
may be more important than the solution itself. Documenting the questions asked and 
decisions made at different stages of the project and how they affected the final solution 
allows a project audit trail to be developed which the reader can use as ‘‘sign post’’ of events 
to: 
• obtain an overview of the project’s evolution;  
• contact the people associated with particular events/activities;  
• go directly to specific non-KCR explanations/reports embedded in the KCR as hyperlinks; 
and 
• support the decision making process on future projects. 
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Table I Summary of KCR section usage 
 
The amount of detail captured in the ‘‘free information’’ sections of the KCR varied from a 
few lines of text and an image, to detailed reports for example on structural design progress. 
The strength of the detailed reports was their depth and focus on specific issues; their 
weaknesses were the time needed to review the knowledge they contained, and the high cost 
of the capture process. 
 
The strength of the brief text and images were their breadth, allowing the end user to get a 
quick overview of the project and its evolution, and low cost to capture; their weakness was 
the ambiguity in what the author was trying to communicate. 
 
Both approaches were invaluable in producing the TeamWork report but, within the context 
of a real project, the value of the knowledge captured needs to be weighed up against the cost 
of the capture process. Determining the appropriate amount of effort and detail that should go 
into the knowledge capture process is critical to maximising its overall value and success. 
 
One of the weakest areas of the KCR was the team interaction section and its ability to 
capture soft issues. For example all the participants agreed that multidisciplinary team 
working was important but no precise knowledge was captured by the KCR that might lead to 
a better understanding of the different factors that contributed to the successful integration of 
the different engineering disciplines in order to apply these on future projects. A useful 
modification to the KCR in the future would be to amend this section so that it involved a 
two-stage process. Firstly, using ‘‘form information’’ to initiate the capture process by 
documenting meetings dates and attendees, and the second requiring each participant to write 
a paragraph on how they felt the meeting went or explain what happened. 
 
The KCR was intended to provide the reader with an instant understanding of the projects. 
This was achieved by allowing the reader to use the different sections of the report as a 
framework for directing their enquiries and using the documented project events as ‘‘sign 
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posts’’ to relevant people and detailed reports on specific issues. There was however, some 
inconsistency in the form’s use; nevertheless, those who captured and reported events using 
the KCR clearly demonstrated its value. 
 
7 CONCLUSIONS AND RECOMMENDATIONS 
To capture the knowledge generated by the six multidisciplinary teams participating in the 
third TeamWork event, designing and building projects in a virtual environment, Virtual First 
developed the KCR. The development of the KCR drew on the success of the KCF that 
Virtual First had developed and used the previous years. 
 
The KCR’s eight sections were developed based on the different categories of project 
knowledge generated during the previous years TeamWork event. The structure of the 
individual KCR sections and the amount of detail to be captured for particular items of project 
knowledge again drew on the KCF format and usage. 
 
The eight sections of the KCR enabled various types of knowledge to be captured that 
collectively present a holistic overview of the team’s project. How the six teams approached 
using the KCR, and the knowledge they captured, highlight strengths and weakness that have 
resulted in a number of recommendations. 
 
The range of approaches used by the teams demonstrates that there is no definitive way to 
capture knowledge; it is therefore essential to allow a certain amount of flexibility in the 
capture process. However, it is clear that if key sections are not completed the knowledge 
accrued from a team’s work may be lost. 
 
The following approaches were demonstrated to be practical and successful: 
• all team members should be encouraged to participate in the knowledge capture process;  
• the knowledge capture process should be integrated with the overall project processes;  
• the KCR should be considered as a minimum requirement; 
• teams should be encouraged to tailor the capture methods to suit their needs; and 
• the KCR should remain a high-level overview document from which one can drill down 
into the detail. 
 
The use of the KCR by a wide range of industry practitioners demonstrates a quick, effective 
and low-cost approach to capturing project knowledge and events. It could be adopted easily 
by the AEC industry as an entry point to managing knowledge, particularly in complex, multi-
disciplinary design environments. Once a number of the KCRs are completed by an 
organisation on real projects, the true value of the knowledge captured will become apparent 
to the organisation and allow it to make a considered business assessment of the necessary 
level of detail the reports should go into to achieve maximum return on the investment in this 
process. 
 
This paper and the KCR have focused on the capture part of the whole knowledge 
management process. The development and use of the KCR by the participating teams 
allowed Virtual First to capture both a global overview of each team’s project, philosophy, 
design process and project evolution as well as in depth details on particular aspects of their 
design. These various levels of information capture were then used to produce the TeamWork 
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(2002) report. For the teams, the KCR was a permanent record of their project and 
achievements that they could share with others. 
 
Further work is required to better understand how the knowledge contained within the KCR is 
retrieved and used. This would help indicate KCR refinements that would ensure the right 
level of detail and type of knowledge is captured. 
 
The construction industry invests considerable time and money in finding solutions to 
problems. But this can only be considered an investment if lessons are learned and are applied 
to avoid repeating the problems, otherwise it should be simply considered as a cost. 
Organisational knowledge is becoming a key factor in determining competitive success. This 
will therefore continue to increase the relevance of finding more effective knowledge 
management systems in the future. 
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Abstract 
 
As we move into a knowledge economy, employee skills are fast becoming an organization’s 
most valuable asset. Fundamental to successfully completing the complex range of tasks 
presented by construction projects is bringing together individuals with the correct balance of 
skills. No one individual has the complete set of skills to do everything themselves, which 
makes the team only as strong as its weakest link. Sponsored by a leading UK-based 
engineering design consultancy, a specification for a technologically driven skills 
management system was developed. It allowed the organization, its teams and the employees, 
to better measure, manage and develop their skill capabilities effectively. Key issues 
addressed by the paper include how skill ability can be measured, how skills can be 
structured, and how these measurements and structure can be combined to generate skills 
reports. The development of a prototype application, based on the above mentioned 
specification, tested the validity of the specification, and demonstrated to the sponsor the 
benefits that can be achieved by a systematic and practical approach to capturing, reviewing, 
planning and managing employee skills. It also highlighted the important business rationale 
for using such systems. 
 
 
Key words 
 
employee skills; intellectual assets; professional development; organizational management; 
skill measurement 
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1 INTRODUCTION 
In an increasingly complex and changing global market, the UK construction industry, worth 
83 592 million pounds in 2002 (Department of Trade and Industry, 2003) faces an uncertain 
future. The prospect of design work being subcontracted overseas is a real threat. To remain 
competitive, organizations need to maintain a flexible and strategic approach to their business, 
constantly assessing their strengths and weaknesses (Barber, 2004). For engineering design 
consultancies that do not rely on plant and machinery, these strengths and weaknesses are not 
derived from their physical assets, but from their intellectual assets; i.e., the people they 
employ (Gebauer, 2003; Johannessen and Olsen, 2003; Lei, 1997). 
 
Key to a knowledge driven organization’s survival, in a market where continuous 
improvement and adaptation are essential to remain competitive, is its ability to measure, 
manage, develop and leverage these intellectual assets. This is true not only at an 
organizational level, but also at an individual employee level (The Economist, 1995; 
Department of Education and Employment, 2000). 
 
The leading UK-based engineering design consultancy who sponsored the research was 
acutely aware of the importance of its employees’ skills. Over a number of years, it developed 
and refined three discrete technologically driven skills management solutions. However, 
following an internal review of its skills management procedures the organization identified a 
number of areas for improvement. For example, it was not able to adequately identify skill 
strengths and weaknesses at an organizational and team level. As a result, not only was it 
difficult to share the skills of particular staff across the different project teams, it showed that 
their training strategy did not adequately address the real skills weaknesses of its employees. 
Having identified these, and other weaknesses, the organization decided to initiate a research 
project to seek a solution. The solution, it was decided, was to develop a specification for a 
technologically driven skills management application that would allow the organization, its 
teams and the teams’ employees, to better manage, measure and develop their skill 
capabilities more effectively. 
 
The use of a participatory action research methodology allowed the expertise and experience 
of both the academic and industrial participants to be combined in producing the final 
specification. Key issues addressed by the group included how skill ability can be measured, 
how skills can be structured and how the system can use the structure and measurements to 
generate skills reports. The development of a prototype application based on the specification, 
tested the validity of the specification, and also demonstrated to the sponsor the benefits that 
can be achieved by using a systematic and practical approach to capturing, reviewing, 
planning and managing employee skills. It also highlighted the important business drivers for 
using such systems. This paper reports on the methodology and findings of the research. 
 
2 AIMS AND OBJECTIVES 
The aim of the research was to produce a specification for a new technologically driven skills 
management application that would allow both the organization and its employees to measure, 
manage and effectively plan for their future skill needs. The purpose of this paper is to present 
a commercial organization’s preferred solutions to various issues that presented themselves in 
the development of the specification. 
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To achieve the aim, four objectives were identified. 
1. How can skill performance be measured? 
2. How can a structure be developed to represent the employees’ different skills? 
3. How can different discipline requirements be integrated into one application? 
4. How can different discipline grades (engineers, managers and directors) requiring 
different levels of skill performance be incorporated into one application? 
 
3 METHODOLOGY 
To meet the aims and objectives of the project, a comprehensive methodology was needed 
that would capture the diverse needs of the system. In broad terms, the system was the 
managerial element of running an engineering design consultancy, and the varying evaluation 
and training requirements of 300 plus employees; of whom 50% are structural engineers, 10% 
services engineers, 15% comprising collectively of bridge, facade, fire, geotechnical, 
infrastructure and sustainability engineers and the remaining 25% consisting of 
nonengineering support staff. Another factor considered was the geographical spread of the 
staff across six offices. The majority based in London, and the remaining 20% spread across 
five regional offices in Bath, Cambridge, Glasgow, Manchester and Winchester. 
 
Action research where the ‘researchers serve as professional experts, designing the project, 
gathering the data, interpreting the findings, and recommending action to the client 
organization’ (Whyte et al., 1991) was not considered appropriate. The methodological 
approach adopted was Participatory Action Research (PAR). In view of this, the specification 
was gradually developed from bringing together the results of various workshops, focus 
groups and individual interviews. It was the preferred approach due to the importance it 
places on including end users in the research process. 
 
The active involvement and participation of the sponsor’s employees in the research was, 
therefore, essential. The main constraint to this is time. However, it allowed their experience 
and knowledge to be more easily drawn upon. By using their personal networks it also 
facilitated greater access to different areas of the company that otherwise would not have been 
accessible or even overlooked. Regular interaction ensured the validity of the research as it 
was constantly monitored and realigned to meet both the academic and industrial parties’ 
objectives. 
 
The PAR approach was also used to test the robustness of the prototype, which was developed 
using the proposed design solution outlined in the specification, in meeting the commercial 
needs of the organisation and its employees, as well as gaining further insight into how the 
system could be used. 
 
In addition to the participatory action research techniques used, two reviews were 
concurrently undertaken. The first, was a literature review of current theory and practicalities 
of how employee skills could be managed. This review identified two key pieces of work that 
are further discussed in the next section, the first being Leiper and Khan (1999) and the 
second by Edum-Fotwe and McCaffer (2000). This research builds upon their work focusing 
on how skills management systems can be developed and exploited though IT applications. 
The second review was of the sponsor’s current internal processes and systems for managing 
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its employees. This was achieved by a series of semi-structured interviews with key Human 
Resource (HR) and Information Technology (IT) staff members. 
 
4 SKILLS MANAGEMENT REVIEW  
4.1 RELATIONSHIP BETWEEN EMPLOYEE SKILLS 
AND THOSE OF THE ORGANIZATION 
A key question that both Armstrong (1991) and Deming (1994) raise, which all organizations 
should be asking themselves, is what business are we in? The answer to this simple question 
will determine the industry sector that the organization operates in and the specific types of 
tasks it will undertake. To fulfil these tasks, organizations require employees with particular 
sets of skills (Dench, 1997). The employees’ competency in performing these skills and an 
organization’s ability to deploy them is a significant factor in determining the organization’s 
success (Prahalad and Hamel, 1990; Grant, 1996; Leonard-Barton, 1995; Nonaka and 
Takeuchi, 1994). For this reason, organizations have developed a range of techniques to better 
manage and develop the necessary skill sets required to perform the complex range of tasks 
that construction projects entail. 
 
Armstrong (1991) defined Human Resource Management (HRM) as a ‘strategic approach to 
acquiring, developing, managing, motivating and gaining the commitment of the 
organization’s key resource – the people who work in and for it’ (p. 33–34). For the purpose 
of this research, the focus is directed at the inter-relationship between the management and 
development aspects of HRM. 
 
The overall effectiveness of a HRM/Skills Management System is determined by the cyclical 
flow of information between the following techniques set out by Armstrong (1991). Job 
analysis and job description techniques allow organizations to build up a map of the different 
skills needed to complete various tasks associated with its business. These maps then feed 
into assessment centres and performance management appraisals to assess the performance of 
individual employees. The output from the assessments allows more focus to be achieved by 
HRM techniques such as career management, continuous professional development and 
mentoring programmes to develop employee skills. Such programmes help determine, but 
should also align with, the organization’s training strategy which itself should support the 
organization’s business/strategic plans. 
 
The way individuals develop and acquire skills is of fundamental importance. Initially, 
individuals acquire skills through training and the award of qualifications. For both the 
individuals and the organization, these supply the core theoretical fundamentals for the work 
they undertake. These skills are then reinforced by practical experience. It is therefore 
important to acknowledge, when developing a training strategy, that skill proficiency is 
achieved from a combination of academic and professional training/qualification and practical 
experience (Edum-Fotwe and McCaffer, 2000; Raelin, 1997). 
 
4.2 CURRENT SYSTEMS FOR MANAGING SKILLS 
The design consultancy with whom this research project was undertaken currently manages 
its employees’ skills in a number of ways. At a strategic level, this is achieved by developing 
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a training strategy from its business plan. This is implemented at an operational level by team 
leaders who are responsible for managing their teams’ Continuing Professional Development 
(CPD). 
 
The CPD process comprises an annual performance review and appraisal at six month 
intervals. These provide opportunities for employees to discuss with their team leader their 
achievements, short and long-term objectives, and training requirements in a similar format to 
the performance management system set out by Armstrong (1991). 
 
The organization also maintains three IT-based information systems that it uses to manage 
and organize its employee’s skills. The first is an online ‘who’s who?’ database that stores 
details of employees’ professional work experience, qualifications and CPD training. The 
second is an online ‘expert users’ database holding lists of those who can be contacted for 
queries on all technical software applications used by the organization. The third is a centrally 
managed ‘training database’ that lists details of all the technical training courses arranged by 
the organization and attendees. 
 
4.3 PROBLEMS WITH CURRENT SYSTEMS FOR 
MANAGING SKILLS 
The current systems in place for managing skills, within the organization, relies upon 
managers identifying and prioritizing areas for skills development based on the organization’s 
overall training strategy. They are also responsible for ensuring that their employees make 
continuous progress towards achieving their training/development objectives and accurately 
determining the level of skill development achieved. They do this based on feedback 
produced by employees when specific objectives have been completed successfully. 
 
These demands in turn put pressure on employees to constantly monitor and report their 
achievements against their CPD objectives. The reliance on reporting by individuals makes it 
very difficult for the organization to: 1) assess its current skills performance/abilities and 
ensure that continuous improvement is made every year; 2) leverage employee skills and 
knowledge on projects if the particular project manager does not know the individual well; 3) 
assess the impact of employees leaving and replace the key skills that are not covered by 
others; 4) measure the overall effectiveness of their training programme; 5) enforce training 
strategies that have been developed to position the organization in new markets; and 6) 
coordinate training across different groups. 
 
By not controlling these tasks, the organization could be losing valuable skills without 
knowing, wasting money on ineffective training programmes and strategies, and reducing its 
productivity by not effectively matching employee skill ability and work tasks together 
(Homer, 2001). To address these problems the organization initiated the development of a 
skills management specification to measure skill ability, manage skill sets and effectively plan 
for future skill needs. 
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5 DEVELOPMENT OF A SKILLS MANAGEMENT 
SPECIFICATION 
5.1 METHODOLOGY DEVELOPED TO MEASURE 
SKILLS PERFORMANCE 
To ensure that the specification for the new skills management application met the needs of 
the organization and its employees, regular workshops, interviews and meetings were held 
with the representatives of each organizational discipline and discipline grades. This group, 
defined herein as the Training Task Group (TTG), comprised the director responsible for 
training, four senior engineers representing the needs of structures, services, civils and the 
support groups and two engineers responsible for arranging training courses. 
 
To achieve the project aim of developing a skills management specification, the four 
objectives that the TTG needed to address were: 
1. How can skill performance be measured? 
2. How can a structure be developed to represent the employees’ different skills? 
3. How can different discipline requirements be integrated into one application? 
4. How can different discipline grades (engineers, managers and directors) requiring 
different levels of skill performance be incorporated into one application? 
 
Addressing point 1, a number of different approaches were considered. The simplest approach 
identified by the TTG was to score the users skill performance from ‘1’ to ‘5’ (‘1’ 
representing having no ability and ‘5’ representing an expert understanding). A more complex 
approach explored by the TTG was to look at different aspects of a person’s ‘skill ability’ 
Framework to measure organizational and employee skills development 57 including the 
necessity of the skill to the user; the user’s theoretical knowledge of the skill; and the user’s 
daily application of the skill, each scored out of ‘5’. These scores could be combined to 
produce an overall Skill Performance Score (SPS). Finally, the simplest approach of getting 
the user to assess their own skill performance from ‘1’ to ‘5’ was chosen by the TTG to be the 
most appropriate solution. This entry process was quicker and it had been adopted by others 
(Leiper and Khan, 1999; Office of Government Commerce (OGC), 2004; Construction 
Industry Training Board, 2000). 
 
It was also proposed that supporting descriptive text be associated with the scores to help the 
user assess their own SPS. In addition, other proposals were that a moderation process should 
be established to check SPS before they were accepted onto the system, and a moderation 
board convened to validate the results across the organization as a whole. 
 
Considering the second point, the main concern was to create a structure that was flexible 
enough to cater for the different reporting requirements of the system (see next section). To 
achieve this, a hierarchical approach was adopted that identified a number of core skills in the 
following areas: technical, communication, management, legal skills, financial and IT. This 
choice drew on work by Edum-Fotwe and McCaffer (2000), Leiper and Khan (1999), Ceran 
and Dorman (1995) and BS6079-1 (2002). 
 
These high level skill areas were then broken down into subskills, for example Edum-Fotwe 
and McCaffer (2000) under ‘communication skills’ identified the following subskills: 
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presentation, general and business correspondence and report writing. To create a simplified 
skills hierarchy for illustrative demonstration purposes only, the TTG adopted the six overall 
skill areas set out above and populated these areas with a list of skills, which drew from the 
work identified above and other skills that they felt were relevant (Figure 1). Determining the 
ultimate structure and make-up of the skills hierarchy was beyond the scope of the research. 
However, if this were to be addressed by further research, then a more detailed review would 
need to be carried out to identify appropriate skill structures for all the relevant disciplines, 
these would then need to be combined to identify and remove overlaps. Discipline leaders 
would then need to review, validate and mark up all the relevant core skills and then assign 
target SPS to each of the core skills for each of its discipline grades. 
 
To facilitate the reporting process it was decided by the TTG that there should be only one 
hierarchical skills structure for the whole organization. This meant it was also necessary to 
introduce the concept of ‘core skills’ and ‘noncore skills’. ‘Core skills’ being essential to the 
individual to carry out their work and ‘noncore skills’ not being essential to their work, but of 
potential use. Discussion on this issue resulted in the decision by the TTG that users would 
only be required to assign a SPS to ‘core skills’; ‘noncore skills’ would be reviewed 
separately. 
 
To resolve the fourth issue, the TTG decided to assign a separate target SPS to each core skill 
for every discipline grade. These target scores would be set by discipline expert committees 
and could be used as an organizational benchmark. For example, an engineer might need only 
a rudimentary understanding of project management, but managers would require a greater 
knowledge and grasp of project management (Figure 1). 
 
 
Figure 1 Example of a possible skill hierarchy with target SPS assigned to core skills for each 
discipline grade  
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5.2 SKILL PROFICIENCY REPORTING, 
INTERPRETATION AND PLANNING 
With the methodology in place to measure skill performance, the TTG focused on the 
reporting requirements and how these could be used. 
 
Four types of reports were identified by the TTG. These focused on different organizational 
groups: 
• individual employee reports (Figure 2); 
• discipline grade specific reports (Figure 4); 
• team specific reports (Figure 5); and 
• an overall organisational report (Figure 6). 
 
With each of these reports the same hierarchical skills structure appears at the top (Figure 2). 
This could alternatively be represented in the form of a radar chart/star diagram (Figure 3), 
similar to those found on the Constructing Excellence KPI Zone web site 
(www.constructingexcellence.org.uk/resourcecentre/kpizone), which would enable the user to 
quickly identify key strengths and weaknesses. To produce the radar chart an Area 
Performance Score (APS) needed to be produced for each skill area. This was accomplished 
by calculating the average SPS for all the core skill in each skill area. 
 
Following the hierarchical skills structure, any additional content would then depend on the 
particular report being produced. The individual employee reports would have a detailed 
breakdown of CPD courses attended by the user (Figure 2, lower section). The discipline 
grade specific reports would have a list of employees according to their discipline grade with 
a summary of the CPD days they have attended and their APS (Figure 4). The team specific 
reports would have a list of employees in a team with a summary of their CPD Days and their 
APS (Figure 5); and the overall organizational report would have a list of organizational 
teams with a summary of CPD Days attended and their APS (Figure 6). 
 
For the employees, the benefits are that these reports allow them to identify their strengths 
and weaknesses and, by comparing their SPS/APS against the discipline position benchmark 
and their peer group’s average, the skills they most need to improve (Figures 3 and 4). 
 
In addition, they can arrange training and discuss practical work experience with their team 
leader to bring them up to the relevant benchmark. 
 
For the organization, the reports provide several benefits. By identifying skill strengths and 
weaknesses at a team and organizational level, workload can be better matched with skill 
strengths and training strategies developed to address skill weaknesses, or core skill gaps in 
its future business needs. Continuously monitoring skill development would allow the impact 
of different training programmes to be better assessed and evenly distributed across the 
different teams and disciplines. 
 
An additional benefit of the system is that it helps identify skill leaders. With this knowledge 
in hand, knowledge communities, similar to those discussed by Malone (2002), can be easily 
created to support the organization, address specific issues or ongoing areas of work. 
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Figure 2 Example of a structural engineering manager’s individual employee report 
 
The impact of key employees leaving can be better assessed in terms of the skill gap created 
and also allows a more focused recruitment/selection process to occur. Finally, by aligning the 
organization’s objectives/strategy with the skills hierarchy using Leiper and Khan (1999) 
methodology, the company’s organizational strategy can be better supported. 
 
Implementation of this approach can be achieved by earmarking training funds to be spent in 
particular skill areas or groups. For example, if report writing has been identified as being 
below the organization’s benchmark, funds can be directed at improving this particular skill 
score by arranging a series of training courses. Depending on the level of the training course 
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(beginner/intermediate/expert), employees can be identified quickly as suitable candidates 
based on their existing report writing SPS. Once all the training courses have been completed 
the organization’s report writing skill score as a whole can then be checked for improvement. 
 
 
Figure 3 Example of a skills performance radar chart for a structural engineering manager 
 
 
Figure 4 Example of the second part of a discipline grade (engineer) report 
 
6 DEVELOPMENT OF THE PROTOTYPE SKILLS 
MANAGEMENT APPLICATION 
Taking into consideration all the issues discussed, a specification for a skills management 
application was created. It was used by the engineering design consultancy’s internal IT 
development team to create a Microsoft Access database prototype application comprising 
three parts. First, the back end relational database that stores the data; second, the front-end 
forms, which allow users to enter and edit data; and third, the reports that collate and present 
the data entered by the users. 
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Figure 5 Example of the second part of a team report 
 
 
Figure 6 Example of the second part of the organizational report 
 
Opening the application automatically displays a dedicated home page (Figure 7) which 
provides access to three areas. The search column allows the user to search for employees in 
the organization or navigate to his/her own details to edit them. The reports column allows the 
user to produce a number of reports and search the database for courses by skill area and 
trained users by skill area. Finally, the administration column, visible only to the TTG, allows 
them to administrate different parts of the site including the skills hierarchical structure. 
 
When the user navigates to his/her own ‘Who’s who?’ details page, they can enter/update 
their core skill SPS (Figure 8: step 1). Based on all the organization’s employees assessing 
their core skill SPS, the system can produce the four types of reports discussed earlier (Figure 
8: step 2). 
 
The four types of reports can then be reviewed (Figure 8: step 3): 1) by the TTG: in order to 
develop the organization is training strategy; 2) by team leaders: to assess their teams’ skills 
and plan their development; and 3) by individuals: to compare their scores against the 
organization’s benchmarks and their discipline grade average. 
 
After the review process has taken place the TTG, team leaders and employees can act upon 
the review process and arrange training or work experience to develop key skills (Figure 8: 
step 4). 
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6.1 EVALUATION OF THE PROTOTYPE SKILLS 
MANAGEMENT APPLICATION 
The prototype application was tested by entering sample data and getting the application to 
produce the specified reports. The data entered to test the skills hierarchy was based on the 
high-level skill areas identified by Edum-Fotwe and McCaffer (2000), which were then 
populated with a sub set of individual skills that the TTG had set out previously (Figure 1). 
Three disciplines were entered on to the systems, which allowed a range of skill performance 
targets to be established for the different grades within each discipline. Sample data was then 
entered for an imaginary team to test the user interface and data entry process, replicating the 
process the end users would have to complete. With the sample data, in the system, the reports 
specified were produced. The test results validated the overall value of the specification. 
However, it also highlighted a number of areas for further development. 
 
 
Figure 7 Who’s Who? Home page 
 
It was found that adding, deleting or moving skills within the skills hierarchy changed how 
the APS/SPS were presented. This in turn made it difficult to look at historic APS/SPS as the 
meaning of different scores would have changed and it would no longer be comparing like 
with like. 
 
The time needed to record and update SPS could be a key factor in determining the 
applications success with the users. It is therefore critical to make this process as efficient and 
effective as possible and control the total number of core skills that the users have to assess. 
 
The final part of the scoring system that still needs to be resolved is how the system identifies 
employees’ different approaches to their own development. Some individuals might be highly 
skilled in particular areas, whereas others might have a less in-depth knowledge of a particular 
skill but more of a general competency across a number of areas. It is also important to 
recognise that certain skills are more important than others to certain jobs, so the ability to 
weight each skill appropriately would produce a better representation of an employee’s 
overall ability. 
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7 CONCLUSION 
To resolve the weaknesses of its current system as set out in a previous section, the industrial 
sponsor initiated this research to create a specification for a new technologically driven skills 
management system that would allow the organization, its teams and the employees, to better 
measure and manage their skill capabilities. Documenting the industrial sponsor’s current 
skills management systems, although specific to the sponsor, illustrates the diverse business 
requirements placed on their systems and how they are used. To meet these business and 
operational requirements a participatory action research approach was used to develop the 
specification for the new systems, with the industrial sponsor’s TTG. This research presents 
their preferred solutions to the various issues identified in the development of the 
specification and the testing of the prototype application. 
 
 
Figure 8 Data entry, reporting and review process  
 
The industrial sponsor’s preferred solutions to the issues identified raise two fundamental 
business requirements that have been overlooked in previous research. The first is that most 
companies are comprised of more than one discipline/discipline function. This limits the 
application of current skills research as it tends to focus on just one discipline, resulting in 
bias towards a particular discipline or multiple systems needing to be used, neither of which 
are desirable. To overcome this issue a hierarchical approach was adopted. This has allowed 
the system to combine and manage different disciplines and employee grades simultaneously. 
The second issue is how skills management systems can be incorporated into the 
organization’s business processes and operations. The research on skills management presents 
a high level snapshot of current skill performance, however, to develop a sustainable system 
for managing skills it is essential to understand how such a system can be used and add value 
to the organization on a continuing basis. By producing a range of reports that address 
different business tasks (employee annual reviews, training strategy review and development, 
expert users identification, team skills balancing) this creates multiple levels of end users 
(Directors, Managers, Engineers), who use the system in a number of different ways. 
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A further area to be explored, identified whilst testing the prototype, is the relative importance 
of each skill. By introducing a skill weighting ‘core’ and ‘noncore’ SPS could possibly be 
considered simultaneously, presenting a more holistic view of the individual’s and the 
organization’s skill capability and profile. Additional work, prior to implementing the system, 
is also needed to determine the exact skills hierarchy to meet the needs of the organization’s 
different disciplines and establishing the different target SPSs. If the application were used on 
a regular basis, it would be possible, among other things, to help the company identify trends 
in the organization’s skills model. The application could then be compared against other 
design engineering and market sector models. 
 
This research presents a specific solution to the skills management problem identified and 
discussed. However, while this is only one case, the continuous and active participation of the 
TTG in the development of the specification and the testing of the prototype, represents valid 
business demands on a skills management system. The combination of academic research and 
industrial participation resulted in the specification for a skills management system that can 
successfully measure organizational and employee skills progress. Applied in a professional 
design consultancy it allows the organization’s strengths to be leveraged through its primary 
intellectual asset, (i.e., the people it employs). 
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Abstract 
 
There has been considerable interest in process modelling since the publication of the Egan 
Report as construction organisations seek to focus on core competencies and also to improve 
inter-organisational interfaces. Other studies have mapped available technologies and in 
particular the alignment of ICT's through the supply chain. This paper investigates the 
relationship that exists between the design/construction processes and the information 
technologies used to support them through a case study. It is suggested that the ability to 
position technology usage in the design/construction processes will enable more rigorous 
control to be exercised resulting in greater efficiency. The framework that has been used to 
position the technologies is the Process Protocol developed by Salford and Loughborough 
Universities. The case used in this paper is TeamWork, an educational initiative established to 
develop new working models for building procurement using the latest IT to simulate 
construction activities in a virtual environment. This mapping was shown to be useful in 
identifying gaps and overlaps in IT provision and also in specifying required IT support at 
different project phases. The use of the Process Protocol was found to form an appropriate 
frame of reference for this study. 
 
 
Keywords 
 
Communication, Information Reuse, Information Technology, Management Information 
Systems, Process Mapping, Process Protocol. 
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1 INTRODUCTION 
Process and technology are two separate fields of study that are gravitating towards each 
other. This paper focuses on the processes and technology used in the early stages of the 
overall construction project process, to develop an understanding of the relationships that 
exist between the two. The benefits of understanding of this relationship are then discussed. 
These benefits would equally apply to the later stages in the construction project. 
 
The reason for mapping the use of technology in the process is that technology can easily be 
identified as being used or not used, which makes positioning where you are in the process 
straightforward. Understanding the link between process and technology also helps the wider 
field of design management by identifying efficient technology enabled communication 
channels that can deal with the flow of information supplied by different design disciplines 
involved in engineering projects. The reverse is also true where non-technology enabled 
processes can be identified as areas of potential software development that can then be 
designed from the outset to integrate with the outputs from, or as the inputs to, other 
applications. 
 
By having better technology-enabled communication we can develop a more structured 
understanding of the design information requirements of different disciplines making it easier 
to co-ordinate design activities that can occur concurrently. Linking technologies together 
could in the long run start influencing the process by managing design iterations through 
integrated software, and streamlining the creation and management of information required by 
different parties in the design and construction process. 
 
2 BACKGROUND TO CASE STUDY 
TeamWork is an educational initiative established to develop new working models for 
building procurement, their use of processes and technology over the LiveWeek has been 
used in the case study to explore the relationship that exists between the two. TeamWork uses 
the latest Information Technology to simulate all construction and operational activities in a 
virtual environment, allowing them “to build before they build, to occupy before they have 
built.” (TeamWork, 2001). For TeamWork successful building procurement depends entirely 
on the communication between diverse design, construction and operational professionals. 
Information Technology has been used to date only to aid existing communication processes, 
but TeamWork aims to establish that Information Technology enables new processes and 
communication (TeamWork, 2001a). 
 
The Process Protocol (Kagioglou, et al., 1998) has been used as the framework within which 
the relation between process and technology has been explored. The Process Protocol is not 
the only process map that has been developed for the construction industry. Frameworks for 
the construction process have been mapped on numerous occasions and trying to get the one 
that works in all situations might be the philosopher’s stone. But it was new developments in 
Business Process Re-engineering (BPR) and Information Technology combined with a 
different approach, based on an project team members viewpoint that have been considered in 
the Process Protocol which holds the potential for much wider market acceptance and use and 
why it was chosen as the process framework. 
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The background, concepts and the process itself are covered in Kagioglou, et al. (1999) and 
Kagioglou, et al. (1998). How IT can be an enabler of implementing the Process Protocol is 
described by Aouad, et al. (1999) and Aouad, et al. (1998). 
 
3 TEAMWORK2001 LIVEWEEK PROCESSES 
TeamWork2001 brought together a wide-ranging group of design and construction 
professionals to explore the potential of collaborative working. TeamWork2001’s aim was to 
unlock the strengths of innovative IT through a short-term simulated building project and 
develop working processes that are swifter, more productive and truly cost-effective. 
(TeamWork, 2001b). 
 
Alperton Community School, the clients for the TeamWork demonstration project, are located 
in north-west London, UK, currently occupies two sites - one the upper school, two the lower 
school. Working with TeamWork, they explored the potential of a sustainable new-build 
school on one of their two existing sites. 
 
Meetings with the client determined their aspirations for an ideal school, from the perspective 
of both educators and students. This information, in combination with agreed schedules of 
accommodation, was presented to the project team on the Monday, the start of the LiveWeek. 
(TeamWork, 2001). It was agreed that the design and modelling exercise represented a 
theoretical, aspirational process rather than the generation of a design for comparison 
purposes. 
 
To ensure the planned objectives and deliverables were reached by the end of the LiveWeek a 
considerable amount of time and effort was put into determining the design activities and 
process that the week would follow through and the IT that could be used to support these 
activities. This resulted in a process map that was agreed to by the TeamWork directors, 
which was based on the Process Protocol map, with certain elements, stripped out for 
simplicity (see Figure 1 for high-level map, more detailed maps were available for each 
activity). 
 
 
Figure 1: Elements of the Process Protocol covered during the LiveWeek 
 
4 TEAMWORK2001 TECHNOLOGY USAGE 
Over the LiveWeek in June 2001 as the team progressed though the different stages of the 
project their use of technology was captured and logged. This then allowed a representation of 
technology used over the LiveWeek (see Figure 2) to be produced. 
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Figure 2: TeamWork2001 (Key) Technology Map 
 
Note: that in the TeamWork technology map all the CAD modelling was done in 3D. 
 
One of the first technology exchanges to occur was with the BRE Envest application that was 
used to help the client make an informed decision about the environmental impact of the 
different block massing models presented as possible solutions to their needs. What is of 
interest is that the TeamWork members had developed code that converted the output from 
one of the CAD Modelling platforms to be the input to the Envest application with minor 
manual modifications required. The final result gave a comparative analysis for the three 
proposed site layout solutions to the clients brief but due to the simplification of data on 
import, the result may not have been as precise as if the data had been input by hand. Even 
with the manual user intervention, it was a very rapid way of getting the dimensional and 
orientation information into Envest without having to measure from paper drawings. 
 
A more familiar and tested interaction between different technologies was between the 
modelling and structural design software technologies, where un-sized members were passed 
to the design software so that a number of options could be explored and tested before the 
chosen sized members were passed back to the modelling technology adding an extra level of 
detail. 
 
By being able to link applications together ensured that everyone was supplied with the 
information they require to carry out their element of work. Bringing it all together in a single 
model helped ensure an optimised and coordinated solution was delivered to the client, which 
had been clash detected to avoid unnecessary problems on site. 
 
Information reuse was probably one of the main reasons that allowed the breadth and depth of 
work covered during the week to be achieved. It should also be noted that nearly all the 
information was exchanged electronically (evidenced by there only being one A4 ink jet 
printer available at the event). 
 
One problem that was encountered and which is a real area for future software development 
was the work done costing the building model. During the week attempts were made to 
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integrate cost modellers spreadsheets with information directly taken from the CAD 
modelling systems. Although the team did not achieve as much as was planned, it has enabled 
the interface between the model and its cost attributes to be explored. This demonstrated that 
a considerable amount of additional development is required to put protocols in place to assist 
with the effective management of the data sets. 
 
Other areas of technology integration that occurred later in the process was with a number of 
supply chains reusing the design information resulting in three small pieces of material being 
supplied at the end of the event: 
• Hy-Ten (Hy-Ten (2002)) reinforcement suppliers produced a small piece of rolled mat 
reinforcement that was designed and manufactured based on the outputs of the BAMTEC 
(BAMTEC (2002)) slab reinforcement design software. 
• Powerwall (Powerwall (2002)) produced a small piece of cladding with an opening for a 
steel member that was designed and detailed using the output of the 3D model as the input 
to their design and manufacturing software. 
• Bourne Steel (Bourne Steel (2002)) produced a pin joint member, the details of which were 
given to them direct from the 3D model. 
 
Designers and Steel Fabricators exchanging steel frame models is not new. The TeamWork 
event was the opportunity to further explore new information sources that can be shared and 
how these information sources can be used. The information identified for testing was that 
contained in the steel fabricators’ manufacturing scheduling software. What was tested was 
the ability to place fabrication details directly on to their system and to later change the detail 
of the order based on it not yet being manufactured. Although the demonstration only 
undertook to change one item, it is a vital step towards extending such functionality to all 
members of a steel structure. Such steps allow us an understanding of the process of changing 
an order remotely and how such a system would work in practice. Tests that are more 
extensive will be needed before a full model can be used. 
 
5 INTERPRETATION OF PROCESS ISSUES 
The Process Protocol is a framework for the life cycle of construction projects that has 
addressed many of the issues set out in the Latham (1994) and Egan (1998) reports. 
 
For the Process Protocol to be adopted it is important that the different processes are mapped, 
understood and incorporated into quality procedures and contractual agreements. The 
literature consulted saw little evidence of this being addressed. Nonetheless, the technologies, 
which it highlights, have no barriers to being accepted and incorporated by the construction 
industry. IT and IS therefore appear to be the stepping-stones for the adoptions of the Process 
Protocol. 
 
The Process Protocol is an enabler for BPR. Figure 3 illustrates the possible adoption life 
cycle of the Process Protocol and the importance of IT/IS, QA and Knowledge Management 
(KM) based on the proposed entry point into the system. 
 
In the TeamWork case, there is a good correlation between design phases/activities and the 
Process Protocol high-level activities, as these were the starting point (see Figure 1), in the 
planning of the design activities for the LiveWeek. 
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Figure 3: The Process Protocol market adoption life cycle 
 
One of the uses of the process maps were to communicate to the users who they need to 
interact with and what effect their decisions have on the overall project. This understanding 
would then allow them to identify unnecessary design iterations and bottlenecks and establish 
how to remove them. The real problem encountered during the LiveWeek with process map 
was the inability of team members to position themselves in the process. This therefore meant 
that it was quite difficult to manage the process. 
 
Even though experienced team members have an ability to intuitively know what activities 
follow on from each other and the different people they need to interact with at different 
stages of the project they still find it difficult to determine where they are in the process. The 
idea of managing the process is brought out in the Process Protocol but until people can easily 
and accurately position themselves in the process, this idea will be very difficult to achieve. 
Being able to manage the process is of vital importance in managing design changes and 
understanding the implication of these changes on the overall project. 
 
6 INTERPRETATION OF TECHNOLOGY ISSUES 
The reliance upon and use of technology illustrated in Figure 2 demonstrates the links that can 
possibly be made between process and technology. Whilst certain technology used can be 
linked to a specific point in the process, it is important to note that this only applies to a 
limited number of technologies as most are used through many or all phases of the project. 
Only the technologies used at specific points in the process like Powerwall and BAMTEC can 
be used as process markers. These could be referred to as plug in technology, whilst the 
remainder can be referred to as core technology respectively. 
 
By differentiating between core and plug in technology we can start to use the plug in 
technology as a process marker. Also we can start to establish a precise schedule of 
information requirements for these design activities that will help reduce the number of 
assumptions needing to be made. 
 
What was achieved in the short space of time in the LiveWeek demonstrates what can 
potentially be achieved through the development and use of interfaces between different 
software applications even though significant progress still needs to be made before we can 
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have a fully integrated model. But by bringing experts together at these technology interfaces 
allows them to start to understand the other parties’ information technology requirements and 
find solutions. The working relationship that existed between a number of the different team 
members facilitated this. 
 
Using the Process Protocol as a framework within which technology usage can be positioned, 
will allow a more structured approach to be taken with regards to the work that is being done 
and that needs to be done, by highlighting gaps in technology, and links that if created would 
improve the process. This would also reduce the potential for technology vendors producing 
application, which they then need to find a purpose for, which was one of the points that was 
raised during the LiveWeek. This technology process map will also allow users to 
communicate with vendors their design process information needs. 
 
7 CONCLUSION 
There a number of ways in which using the relationship between technology and process can 
help the overall design management process that have been identified in the case study. 
 
During the LiveWeek it was difficult to get people to explicitly position themselves on the 
process maps, however one thing they could easily tell you was what computer package they 
were using and what they were doing with it. Subsequent analysis/interpretation shows more 
closely the different design activities in relation to the process. However, such difficulty needs 
to be removed so that more efficient management of the design process can occur through 
policing of the processes by process /design managers and project team members themselves. 
If we can position all the different technologies in the design process map then non-process 
aware project participants stand more chance of positioning themselves in the process. 
 
Design technology can be considered as the tools used by project team members in the design 
process. Certain tools will be used at different stages of the design process. This is similar to 
the ability to monitor construction progress on site through the different items of machinery 
that are on site like the presence of piling rigs, erection of the tower crane, demobilisation of 
the piling rig and mobilisation of ground works all representing different stages of the 
construction project. 
 
As well as helping us position ourselves in the process through associating certain 
technological applications with certain phases of the project, the technology map that is 
produced will help us understand the different technology interfaces that currently exist and 
new ones which if created would improve the process by seamlessly integrating key 
technology interfaces. The process and technology map will also discourage technology 
vendors producing technological applications, which they then need to find a purpose for by 
clearly highlighting technological gaps and the process that need to be fulfilled by a new 
application. 
 
This understanding can reduce the number of design iterations. By supplying the correct 
information at the correct time this will reduce the amount of rework, improve the quality and 
reduce the overall cost of the project. 
 
The TeamWork interoperability team tried to develop an interface between the 3D CAD 
technology (core technology) and environmental assessment application (Envest (plug in 
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tech)). This idea of outputs on one package being the input to the next application leads to 
greater efficiency in the process where any changes can simply be reran. 
 
Reducing the amount of rework should allow engineers to spend more time on doing the work 
at hand right the first time knowing that they will only have to do the work once. This should 
ensure that fewer errors creep in. 
 
As part of the ongoing research, the development of the map and addition of further detail 
with regards to the value of the processes being completed will allow better business cases to 
be put forward for the development of new applications or interfaces between applications 
based on the value chain that can be created. 
 
In the future technology becoming more integrated could lead to the situation where certain 
design activities become controls on the overall design process rather than design activities in 
their own right due to the speed in which they can be undertaken. 
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